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Theeducationa materia inthisstudy guideisprovided to assi st pesticide applicatorsin preparing for
theagricultura plant category examinations. Thisguidedoesnot includeall theinformation needed for
theagricultural plant examination. Other topicsthat are covered on the examinationsinclude under-
standing and following pesticidelabel directions, emergency response, persona protective equipment
(PPE), pesticide movement, mixing and handling pesticides, and application methods and equipment.

I nformation on these and other topics can befound inthefollowing books:

1 Applying Pesticides Correctly: A Guide for Private and Commercial Applicators.
U.S. EPA, USDA and Extension Service, revised 1991.

2. Applying Pesticides Correctly: A Supplemental Guide for Private Applicators. U.S.
EPA, USDA and Extension Service, December 1993, Publication E-2474.

3. The Worker Protection Standard for Agricultural Pesticides - How to Comply:
What EmployersNeed to Know. U.S. EPA, July 1993, Publication EPA 735-B-93-001.

These books can be obtained from the Utah Department of Agriculture and Food (UDAF). Please
contact your local UDAF Compliance Specialist or the state officein Salt Lake City. Theweb sitefor
UDAF Pant Industriesis<www.ag.state.ut.us/divisng/plantind/studguid.htm> and the UDAF telephone
number is1-801-538-7185.

Theorganizationsinvolved inthe preparation of thisstudy guidewerethe Utah Department of Agricul-
tureand Food and Utah State University Extension. Thisstudy guideisbased on publicationsdevel oped
by the Colorado Department of Agriculture, University Extension personnel of California, Colorado,
Idaho, Kansas, New York, Oregon, Pennsylvania, Washington, and Wyoming. Other contributorsin-
cludethe U.S. Department of Agriculture, Forest Service; theU.S. Environmental Protection Agency,
Region V1I1; and the Department of Interior, Bureau of Reclamation and Metro Pest M anagement.

Themateria and recommendati onspresented in thisstudy guideare based oninformation believed to be
correct. No endorsement, guarantee or warranty of any kind, expressed or implied ismadewith respect
to theinformation contained herein. Whenworking with pesticides, follow thedirectionsprovided onthe
product label.



Thefollowing individual s at Utah State University contributed to the revision of thismanual: F.R. Beard,
H.M. Deer, S. Thompson, J.B Karren, D.G. Alston, A.H. Roe, and S.A. Dewey.
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INSECT PEST
MANAGEMENT

A critical component of agricultura production
is the management of insect pest organisms
(arthropods). Theinsectsand insect relatives
that compete with humansfor food and fiber,
or attack usdirectly, are pests. Many of thein-
Sect pest problemsinvolving agricultura crops
originated with and/or havebeen aggravated by
traditional farming practices. Crop production
involvesthe concentration of host plantsand
crestesanided gtuationforinsect development
and growth. These enhanced growing condi-
tionslead to awiderange of complex problems
without smplesolutions.

Insectsthrivein more environmentsthan any
other group of animals. They liveontheearth's
surface, withinthe soil, and in water. I nsects
populate deserts, rain forests, hot-springs,
snowfields, and caves. They competevery suc-
cessfully with humansfor the choicest plantsand
causedamageto plantsin thefollowing ways.

» Feed onleaves,

» Feed onandintofruit, seeds, and nuts

» Feed onand tunnd into roots,

» Tunndl or boreinto stems, stalks, branches,
andtrunks,

* Suck the sap from |leaves, stems, roots,
fruits, and flowers, and

* Transmit plant disease agents.



Themagjority of insectsare not pests. Many as-
9t humansby pollinating plantsand feeding on
other insectsthat are pests. However, most ag-
ricultural plants are damaged, weakened, or
killed by insect pests. Thisresultsin reduced
yields, lowered quality, and damaged plantsor
plant productsthat cannot be sold. Even after
harvest, insectscontinuetheir damagein stored
or processed products. Insectsalsofeed onand
inanimals, including humans. Some of these
pests carry disease agents that have caused
millions of deathsto livestock and humans.

I nsect management requirestherecognition and
understanding of target insect habits, lifecycles,
and control measures. Thefirst stepin control-
ling insect pestsisto properly identify the pest
and recogni zethe problems caused.

ECONOMICS OF INSECT
MANAGEMENT

Theuseof pesticidesto control insect pestsisa
necessary part of large-scale crop production
andthedecisiontotreat agricultura cropswith
an insecticide should be based on economics.
Toassist withthisdecision, two phrasesrelated
toinfestation leve areutilized, economicthresh-
old level and economic injury level.

Economic threshold levelstheinsect popu-
lation density at which control measuresare
necessary to prevent an increasing pest popu-
lation fromreaching theeconomicinjury level.

Economic injury levelisdefined asthelow-
est population dengity that will causeeconomic
crop damage. Insect populationsnormally fluc-
tuate above and below ageneral equilibrium
levelthat representstheaveragepopulaionsize.
Profitsmay bedightly affected when pest pop-

ulationsarepresent at thislevel.
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If control measures are not taken and the pest

popul ation continuesto increase, the quantity

and quality of thecrop will besubstantialy re-

duced. Thispointisreferredto astheeconomic
injury level. Thislevel may vary fromcropto

crop, areato area, season to season, and/or

with themarket price of the crop.
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Itiscommon practicefor preventivetreatments
to beemployed onacaendar basis. Treatment
also occurswheninsectsareinitially seen, the
visibility threshold . Application decisions
based on these conditionsarejustifiedif there
are scheduling problemswith equipment or la-
bor, thesize of the application areaislarge, or
past experience dictates such practices.

I nsecticide gpplicationsare best conducted when

the pest or evidence of the pest is present in

sufficient numbers to reach the economic
threshold level When insect infestation

reachesthe economic injury level thetreat-

ment isnecessary to prevent substantial 10ss of

thecrop.

INSECT
CHARACTERISTICS

Knowledge of insect classification, growth and
development, and life cyclesisnecessary for
conducting management programs. Proper in-
sect identificationisperhapsthe most essential
stepininsect pest management. Lifecycledata
isalso important for scheduling control mea-
sures. With proper identification and an under-
standing of aninsect'slifecycle, control mea-
sures can be applied whenthepestisinitsmost
vulnerable stage of development.

Thetwothingsthat al adult insectshavein com-
mon aresx jointed legsand threebody regions.
For identification purposes, theimportant parts
tolook at arethewingsand mouth parts. Some
insectshavenowings, whileothershavetwo or
four. Thewingsvary in shape, size, thickness
and gtructure. Insectswith chewing mouth parts
havetoothed jawsthat bite and tear the food.
Insectswith piercing sucking mouth partshave
along beak that they forceinto aplant or ani-
mal to suck out fluidsor blood.

Almost al insectschangein shape, form, and
gzeduringtheir lives Thischangeiscaled meta-
morphoss. Someprimitiveinsectschangeonly
inszeasthey develop. A nymphthat lookslike
atiny adult hatches from the egg and goes
through severa stages. These nymphschange
intowinglessadults. Theadult layseggs. Other
insectschangeformdightly. Their nymphshatch
from eggs. The nymphs, having no wings, go
through severa growing stagesandfindly
changeinto winged adults.

Other insects change completely. They go
through four life stages. Beginning asan egg
(stage 1), thelarvahatches(stage 2) asaworm,
caterpillar, grub or maggot. Thisisthestagein
which insects grow the most and do the most
damage. When full grown, thelarvachanges
into apupa (stage 3). From the pupastage, it
changesintotheadult (stage4). Theadult stage
usualy haswings.

INSECT OUTBREAKS

I nsect epidemicsor outbresksareusudly caused

by:

1. Large-scaecultureof asinglecrop,

2. Introduction of aninsect pestintoa3
favorable new areathat lacks natural
enemies,



3. Favorableweather conditionsfor rapid de
velopment and multiplication of aninsect,
such conditionsmay be unfavorableto
natural enemies,

4. Useof insecticidesthat kill the natural
enemies of apest, create other favorable
conditionsfor apest, reduce competing
species of pests, and/or allow it to
multiply unmolested or only partialy
controlled,

5. Useof poor cultural practicesthat encour
age buildup of pest infestations, and

6. Destruction of natural biotic communities
that otherwise provide regul ation of
insect population levels.

INSECT CONTROL
TECHNIQUES

Preventive controlmeasures are employed
when past experience has shown an insect to
be an annual problem. Early season insecti-
cidetreatment tendsto control certain pest spe-
ciesmoreeffectively. Preventivetreatmentsa-
low thegpplication of insecticidebeforethecrop
foliageishard to penetrate with sprays, gran-
ules, or dusts. Preventive control measuresaso
reduce pest populationsbefore theinsectscan
advancethroughther sagesof devel opment and
beginreproduction.

Preventive control occursprior totheeconomic
injury level. Such measuresare undertaken
withthebelief that aninsecticidewill haveto be
applied and early applicationislessexpensive
and/or more effectivethan alater application.

Biological control can be defined asthe ac-
tion of parasites, predatorsor pathogens (dis-
ease producing organisms) on an unwanted host
or prey population. These agents produce a
lower populationlevel

thanwould prevail intheir absence. Generdly,
biological control refersto manipulations by
humans, asdistinguished from natural enemies
and natural control.

Biologica control may offer anumber of dis-
tinct advantages, including permanence, safety,
and economy. Oncebiological control isestab-
lished, it can berelatively permanent with no
Sdeeffectssuch astoxicity, environmenta pol-
lution, or use hazards. Therearethreetrad-
ditiond biologica control methods:

1. Introduction of exotic speciesof parasites,
predators, or pathogens,

2. Conservation of parasitesor predators,
and

3. Increase of parasitesor predators.

Natura enemiescanassstincontrollingthein-
sect pestsfound in most crop ecosystems, but
biologica controlsarenct suitablefor many pest
situations. It takestimefor the parasitesand/or
predatorsto bring the pest under control. Nor-
mally, agrower who isconstrained by markets
or economicinjury leve infestationscannot wait
for biological controlstowork.

Other technicd difficultiesinvolvethedetermi-
nation of which parasitesor predatorstointro-
duce, whether to use more than one parasitic
speciesat atime, how to eliminate secondary
parasitesthat prey on the beneficial form, and
whether aprogram of continuousreleasesmay
befeasible. Also, thereisthe problem of pro-
tecting such predatorsand/or parasitesfrom
insecticides.

Mechanicd contral isthereduction of insact popu-
lationsby meansof devicesthat affect them di-
rectly or dter thar physicd environmentradicaly.
Thesemethodsareoften hard todistinguishfrom
culturd methods. However, mechanica controls



involve special physical measuresrather than
normal agricultural practices. They tendtore-
quireconsderabletimeand labor and oftenare
impractical onalargescae.

Hand picking andtrapping arefamiliar mechani-
cal methods of insect control. Screens, barri-
ers, sticky bands, and shading devicesarea so
mechanical methods or devices. Hopper-doz-
ersand dragsare stypes of specialized control
equipment for collecting or smashing insects.

Legal controlisthelawful regulation of areas
to eradicate, prevent, or control infestationin
order to reduce the damage by insects. This
mainly involvestheuse of quarantinesand pest
control procedures. Federal and state officias
oftenwork withlegally established local, com-
munity, or county districts, asin grasshopper
control projects.

Cultural control is the reduction of insect
populationsby using agricultura practices. It has
a s0 been defined as" making environmentsun-
favorablefor pests.” These methods, moreor
lessassociated with agricultura production, usu-
aly involvecertain changesin normd farming.
practices rather than the addition of special
procedures.

Scheduling culturd practicesto occur during the
most vulnerabletimeof aninsect  slifecycle
is a very effective control measure. The
ingct  sfavorableenvironmentisateredtokill
the pests or reduce their reproduction. Since
cultural methods are usually economical, they
are useful against field crop insects.

Types of cultural control practices are:
1. Rotation: Certain kindsof crop rotations
may help control pests. Insectsthat arereduced
effectively by rotations

usualy havealonglifecycleand alimited host
rangeand arerdatively immobilein somestage
of their development. Changing cropsinarota-
tion systemisolates such pestsfrom their food
supply. Wireworms, whitegrubs, and cornroot-
wormsare good examples.
2. Location: Careful choiceof cropsto
be planted adjacent to each other may help
reduceinsect damage.
3. Trap crop: Smadl plantingsof asuscep-
tibleor preferred crop may be established near
amajor crop to act asa"trap." When thein-
sectshave been attracted to thetrap crop, they
aretreated with insecticides, plowed under, or
both.
4, Tillage: Theuse of tillage operations
to reduce populationsof soil inhabiting insects
may work in several ways. Tillagecan change
the physica conditionsof thesoil; bury, expose,
or mechanically damagetheinsect at aparticu-
lar sageof life; diminateinsact host plants; and
hasten growth or increasevigor of thecrop.
5. Sanitation: Removing crop residues,
disposing of volunteer plants, and burning chaff
stacksare measures commonly applied against
vegetableand field cropinsects.
6. Timing : Changesin planting timeor
harvesting timeare used to keep theinfesting
stage of an insect separated from the
susceptible stage of thehost.
7. Resistant varieties The sources of
resistanceto insectsin crops have been class-
fied asnonpreference, antibios's, and tolerance.
Insect nonpreferencefor acertain host plant
isrdatedtocolor, light reflection, physica struc-
tureof thesurface, and chemica stimuli suchas
taste and odor. Antibiosis isthe adverse effect
of the plant ontheinsect. Thismay be caused
elther by the harmful effect of aspecific chemi-
ca or by lack of agpecific nutrient requirement.



Toleranceisthe term applied to the general
vigor of certain plantsthat may be abletowith-
stand the attack of pests such as sucking in-
sects. Tolerance a soincludestheability of the
plant to repair tissues and recover from an
attack.

Advantagesof theuse of resistant varietiesin-
cludeacumulativeand persistent effect which
oftendiminatesinsact damagewithinafew sea-
sons, lack of dangersto humansand domestic
animals, low cost (once the program is
established), and usefulness in integrated
control systems.

Reproductive controlisthereduction of in-
sect populationsby meansof physicd treatments
or substancesthat cause sterility, alter sexual
behavior, or otherwise disrupt the normal
reproduction of insects.

Chemical controlisthe reduction of insect
populationsor prevention of insect injury by the
use of insecticidesto poison them, attract them
to other devices, or repel them from specified
aress.

In most cases, despite adverse publicity, insec-
ticidesarethemost effective method of manag-
inginsects. Insecticidesarehighly efficient and
economical, and they can be applied quickly
and have an immediate impact on insect
populations. When insect popul ationsapproach
economicthresholdlevelsin market crops, and
natural controls are inadequate, insecticide
applicationsaretheonly option.

Insecticidesareessentia for:

1. Maintaining adequate crop protection,

2. Protecting forest resources, and

3. Preservingthe healthand well being
of humans.

An advantageof usnginsecticidesinmany crop
ecosystemsisthat more than onemajor insect
can be controlled with a single application.
Chemicdl insecticidesare especidly important
asfast-acting insect management tools. Insecti-
cidesshould beusedinamanner that isharmo-
niouswith other dementsof theagricultura eco-
system so that they amplify other control agents.
Insecticides have the following limitations:

1. Insecticides contributeto the devel opment
of insects resistant to chemical control,
2. Insecticidestemporarily control insect popu-
lations, but often require repeated treatments,
3. Insecticide residues are restricted when
present in harvested crops,

4. Insecticidesunleash secondary pestsresult-
ingfromthedestruction of their natura enemies,
5. Insecticideshaveundesirablesideeffectson
nontarget organisms such as parasites and
predators; fish, birds, and other wildlife; hon-
eybeesand other necessary pollinators, domes-
ticated anima's; humans, and crop plants,

6. Insecticides present a hazard to the
applicator, and

7. Insecticides reduce and simplify the
arthropod component of the agricultural

ecosystem.

Integrated pest managemen{IPM) isthe
management of insect populationsby the use of
all suitabletechniquesinacompatible manner
so that damageiskept below economic thresh-
oldlevels. Principa consderationsof thel PM
approach to insect management are the agri-
cultural ecosystem, the economic threshold, and
theleagt disruptiveprogram, with someemphass
placed on biological control agentssuch asben-
eficid insects.



FIELD CROP INSECTS

ALFALFA INSECTS

Thedfafaweevil isconsdered to beaserious
threat tothe production of afafainal areasof
Utah. Themgjority of the damage occursdur-
ingthetimewhenthefirg dfdfacuttingisbeing
produced, but damageby larvaeaswell asadults
may also delay regrowth. Feedinginjury isevi-
dent by the skeletal gppearance of thefully ex-
panded | eefletsin thetop third of the plants.

OTHER CROPINSECTS
Therearenumerousinsectsand insect relatives
that damage cornand smdl grainsinUtah. They
include: corn earworm, cutworm, red spider
mite, cereal |eaf beetle, grasshopper, Russian
wheat aphid, and avariety of others. A list of
ma or insect pestsin Utah appearsin Appendix
1

FRUIT TREE INSECTS

In Utah, most of theimportant insect pests of
fruit treesfeed in or on the devel oping fruit.
Examplesinclude the codling moth on apples
andtheorienta fruit moth on peaches. Damage
iscaused either by feeding onthesurfaceor by
boringinsdethefruit tofeed. Thisdamagecan
causefruit to drop prematurely or makeit less
acceptable to consumers, thus reducing its
market value.

Exception to thefruit feeding pestsarethose
that feed mostly ontheleaves, twigs, limbs, or
trunksof thetrees. Examplesare mites, scales,
and the peach tree borer. Feeding by thesein-
sectscanthreaten thevitaity of trees. Appen-
dix 1liststhemgjor treefruit insectsin Utah.

VEGETABLE CROP
INSECTS

Insectsare perpetua pestsin vegetables. Some
begin feeding as soon asthe seedlingsemerge,
while othersattack the growing plant, feeding
on both thefoliage and thefruit. Many insects
build up to very large numbersand are capable
of completely destroying variouscrops. Appen-
dix 1 liststhemajor insectsthat damage Utah
vegetablecrops.

Hedthy, vigoroudy growing plantsarelesssus-
ceptibletoinsect attack. Therefore, proper ir-
rigation, fertilization, weed control, and disease
control can help hold down insect damage.
Wheninsect damageisdetected, theinsect pest
must be correctly identified and theinsecticide
treatment must providethorough coverage of
the plant to achieve control.

Most insecticides used on vegetables have a
short residual, so more treatments may be
needed if pest recurrenceisaproblem. Exces-
sive use of insecticides should be avoided to
prevent toxicity to plantsand excessveresidue
on crops. Vegetabl e pests can be placed into
threegenera groups.

1. Soil insectausually attack either the
seed at planting time or small, tender plants.
However, they may attack larger plantssuch as
carrotsor potatoes.

2. Sucking insectslamage plantsby in-
serting their mouth partsinto plant tissueand
removing plant juices. Somesuckinginsectsin-
ject toxic materialsinto the plant whilefeeding
and sometransmit disease organismsto plants.
3. Chewing insectgan causemoredam-
ageto vegetablesthan either soil or suckingin-
sects. They feed on all partsof plantsand de-
stroy both foliage and fruit. A wide range of
chewinginsectsattack plants.



RANGELAND INSECTS

Insect management, especially grasshopper
control, isan important component of range-
land and pasture management throughout Utah.
Grasshoppersarethe single most destructive
insects found on Utah rangelands. When
grasshoppersare present inlarge numbersthey
exert a significant destructive influence on
rangeland and pasture vegetation.

Grasshoppershaveabiotic potential for sud-
den and explosive populationincreases. The
severity of agrasshopper outbreak dependson
the populations of preceding years, tempera-
ture, and moisture conditions at the time of
hatching. Factorsthat restrict the increase of
grasshopper populationsinclude unfavorable
weather conditions, lack of food, natural
enemies, and disease.

Grasshopper outbreaksthat exceed apopula-
tionfour timesthat of the previousyear arecom-
mon. During severe outbreaks, increases ex-
ceeding 10 timesthe previousyear’s popul a-
tion sometimesoccur, resulting in 100 or more
grasshoppersper squareyard. At thislevel of
infestation, cropsand native vegetation will be
entirely devoured if control measuresare not
employed.

Grasshoppersin rangeland habitats have ben-
eficia rolesintherangeland ecosystems. Re-
search has shown that range grassesare stimu-
lated by somegrasshopper feeding. Thegrasses
fed on by grasshoppersproduced moregrowth
and biomass than plants that were totally
protected.

The saliva, droppings, and unknown factors
from grasshoppersstimulate plant growth. The
uneaten cuttings of leavesand other plant parts
should not be considered all waste. Thisactiv-
ity produces litter that helps retain soil

moistureand providesnutrientsfor plant retain
soil moisture and provides nutrientsfor plant
growth. Furthermore, grasshoppersareanim-
portant animal food sourcefor many omnivo-
rousaswell asinsectivorous mammals, birds,
andfish.

Theactua dollar effect of agrasshopper infes-
tation on range livestock productivity varies
greatly fromyear to year. Damage caused by
grasshoppersgoes beyond actua consumption
of forage. They cut grass stems and blades,
eating only apart of them; they eat closer tothe
ground than livestock and feed primarily onthe
growing part of grasses, and they cut off the
seed stalksreducing seed production.

MANAGING RANGELAND
INSECTS

Rangelandsareava uablenatura resourcefor
livestock production, wildlife habitat, water-
sheds, recreation, and assorted diverse eco-
nomicintereststhat areintimately associated and
interdependent. The objectiveisto save cur-
rent rangel and forage by reducing infestations
to below economicthresholdlevels. The points
to consider when undertaking such atask are:

1. Economic infestation Does current tar-
get pest survey dataindicate economic-level
population densitiesover most of the proposed
trestment area?
2. Timing: Isthe proposed insecticidetreat-
ment going to be applied late enough for most
of the peststo have hatched and before egg-
laying and/or migration occurs?
3. Protecting pollinating insects Insecti-
cidescurrently usedto control rangeinsectsare
very hazardousto al beepallinators. Every ef-
fort must be madeto protect beesfrom expo-
sure.



ll. AGRICULTURAL WEED
MANAGEMENT

TOPIC

WEED MANAGEMENT .................
PLANT LIFE CYCLES .................
WEED MANAGEMENT PLAN.......

WEED MANAGEMENT TECHNIQUES ..., 11
RANGELAND WEED AND BRUSH MANAGEMENT .......ccccccoiieeee. 13

CLASSES OF HERBICIDES ........
HERBICIDES BY USE ..................

FACTORS AFFECTING FOLIAR APPLIED HERBICIDES ............ 16
FACTORS AFFECTING SOIL APPLIED HERBICIDES .................... 19

HERBICIDE SELECTION ...............

WEED MANAGEMENT

A weedisan unwanted plant or aplant grow-
inginthewrong place. This designationisbasad
on human preferencesand requirements. Usu-
aly aplantisconsidered aweed whenitinter-
fereswithland or water resourcesor it grows
in alocation where other plants are desired.
Agricultural weedsaredividedintotwo basic
groups, grassand broadleaf .

GRASS

Grassesare narrow-leave plantsthat generaly
grow upright and have parallel veinsin the
leaves. Young grassseedlingshave onelesf that
emergesfromtheseed. Many grasses have

afibrousroot system, while others have rhi-
zomesor stolons. Agricultural producerscon-
sider thefollowing grassesto beweeds. com-
mon sandbur, barnyard grass, greenfoxtail, wild
oats, jointed goatgrass, quackgrass, Johnson
grass, and wild proso millet.

BROADLEAF

Broadleaf plants generally have broad, net-
veined leaves. Theroot systemshaveeither a
singletaproot or an extensiveroot structurethat
spreads both vertically and horizontally. Agri-
cultural producers consider the following
broadleaves to be weeds: field bindweed,
Canadathistle, musk thistle, whitetop, Russian
knapweed, tansy mustard, and burdock.



For an extensive publication on the weeds
found in Utah, the book "Weeds of the West"
maly be purchased from Utah State University
Extension <www.ext.usu.edu>. If thereisa
question regarding the proper nameor identifi-
cation of aplant, aspecimen can be submitted
to a local county extension office for
identification.

UTAH LEGISLATION CONCERNING
WEEDS AND WEED SEEDS

TheUtah Seed Law isaimed at controlling the
spread of noxiousweed seeds and the noxious
weeds. Thislaw appliesto agricultural, veg-
etable, and ornamental seed that issold, bar-
tered, or distributed in Utah for seeding pur-
poses. Noxiousweed seed refersto seedspro-
duced by especidly troublesomeand detrimenta
plantsthat may cause damageor lossto acon-
siderable portion of theland or livestock of a
community.

Therearetwo classificationsof anoxious-weed
seed: prohibited noxious weed seed and re-
stricted noxiousweed seed. Seed sold for plant-
ing purposes must be clean of all prohibited
noxiousweed seeds and cannot contain more
restricted noxiousweed seeds per pound than
listedintherulesand regulationsin R68 8 and
Title 4, Chapter 17. Prohibited or restricted
weeds and seedsthat fall under the Utah Seed
Law (R68 8) and the Utah Noxious Weed Act
(Title4, Chapter 17) can befound in Appendix
2.

PLANT LIFE CYCLES

ANNUALS

Annudsareplantsthat completetheir lifecycles
in one growing season and can only propagate
by seed. Summer annua sgerminateinthespring,
develop and set seed inthe summer, then die
beforewinter. Common summer annualsare
Russian thistle, redroot pigweed, kochia,
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lambsquarters, and barnyard grass. Winter an-
nualsgerminateinthelate summer or fdl, over-
winter, then resume growth in the spring. By
summer, they flower, set seed, and die. Com-
mon winter annuals are downy bromegrass,
prickly lettuce, tansy mustard, and wild oats.

BIENNIALS

Biennialsrequiretwo yearsto completetheir
lifecycles. Theseplantsdevel op from seed and
grow without flowering thefirst year. Usually
the first year's growth results in a cluster of
leaves, or rosette, closeto the ground. In the
second year, the plant flowers, produces seed,
and dies. Common biennialsaremusk thistle,
mullein, burdock, and mallow.

PERENNIALS

Perennia sare plantsthat canlivethreeyearsor
longer. They can propagate by seeds, by run-
ners, from stems above the ground (stolons),
or by underground stemsthat develop rootsand
leafy shoots(rhizomes). These plantscan flower
and set seed each year, die back to theground
during the winter, then resume growth inthe
gpring. Common perennialsare Canadathistle,
field bindweed, whitetop, Russian knapweed,
and quackgrass.

WEED MANAGEMENT
PLAN

In order to develop a successful weed man-
agement plan, the objectivesmust beclear and
practica. Thestrategiesof thisplaninvolvethe
techniquesof prevention, eradication, and/or
managemen.

PREVENTION

Preventionincludesall the measurestaken to
avoid or delay theintroduction and spread of
weeds. Thiswill includegood farm-management



techniquesand, if necessary, legidativecontrol.
Preventive control measures should be adopted
whenever practical and should bethefirst step

in a weed-management program. There are
several preventive measuresthat agricultural
producerscan take.

1 Alwaysuse certified weed free seed.

2. Do not feed grainsor hay containing
weed seeds.

3. Do not spread manurewhileweed
seedsaredtill viable.

4, Do not movelivestock directly from
land where weeds are present to weed
freeareas.

5. Avoid moving soil and debrisfrom
weed infested areasto weed free
areas.

6. Makesureagricultura equipmentis
cleaned beforemovingit fromweed
infested areas.

7. Inspect nursery stock for weed seeds
and other weed parts.

8. Keepirrigation ditches, fencelines,
roadsides, and other noncrop areas
freefromweeds.

0. Whenever anew weed infestationis
identified, especidly asmall infesta-
tionimmediately beginweed control
effortsbefore spread occurs.

Preventive measures can also be carried out
through legidative action. Statewide noxious
weed control laws can mandate control of
troublesome weed species and help stop the
spread of noxiousweedswithin astate. Addi-
tional legidative action, such asmandating that
farm equipment trangported into thestatebeclean
of weed seeds, further helps prevent the spread
of weeds.

ERADICATION
Eradication means the complete removal or
destruction of theliving plants, roots, and seeds

froman area. Thisispractical for small infes-
tations, but it isnot practical for the majority of
weedsthat infest large areas of land. For many
weed species, maintenance control programson
an annual basisare necessary because of the du-
ration of seed viability inthe soil. For example,
field bindweed seedsmay germinateafter 40years
inthesoil. Most weed seedswill stay viableinthe
soil for longer thanfiveyears.

MANAGEMENT

Management isthe processof containingand lim-
iting weed infestations. A principle of weed con-
trol isto reducetheinfestation and minimizethe
competitive effect on acrop. A weed manage-
ment strategy ismore practical than eradication
when dedling with extensveinfestations.

WEED MANAGEMENT
TECHNIQUES

Weed management techniquesinclude cultural,
mechanicd, biological, and chemica controls. An
integrated weed management (IWM) approach
utilizestwo or moreof thesetechniques. IWM is
the most effective and economical approachto
agricultura weed managemen.

CULTURAL

Crop competition and crop rotation aretwo cul-
tural controlsthat can be very effectivein weed
management and areinexpensive. Competition
involves choosing asuitable crop and using the
best production methods so the crop outgrows
theweed, minimizing theweed growth and Soread.

An exampleof competitionistheuseof afadfato
competewith Canadathistle. A dense seeding of
dfdfainthefall with good crop establishmentin
early spring can help shade, crowd, and ultimately
reduce both the vigor and density of Canada



thistle. Usinganonresidua broadleaf herbicide
onthe Canadathistle beforedfalfaseeding will
produce even better results.

The presence of aweed infestationisoneof the
factorsconsidered in the selection of arotation
crop. A rotation crop should crowd out aweed
or alow other methods of weed management
such as tillage, herbicides, or fallow to be
implemented.

Anexampleof when croprotationisneededis
corninfested with wild proso millet. Control of
wild proso milletin cornisvery difficult with
mechanical meansand costly with herbicides.
Rotating into beans or onionswould allow the
use of less costly herbicides or continued me-
chanical methodsthroughout the season.

MECHANICAL

Mechanica control includescultivation, mowing,
hoeing, hand pulling, and root plowing. All of
thesemethodsinvolvethe use of toolsto physi-
cdly cut off, cover or removeundesirableplants
fromthesoil. Cultivation or tillageisthe most
common method of weed control. Thismethod
iseffectivefor small annual weeds, but less ef-
fectivefor thelarger annuds. Tillagecanadsobe
used for controlling perennia weeds. Frequent
tillage operationsevery 10to 14 daysfor two or
more seasonsisrequired for the control of most
perennid weeds.

Theuseof fireisanother mechanical method of
controlling weeds. Fire can be an effectivetool
for removing vegetation from ditch banks, road-
sides, fencelines, and other areas. Fire can be
usedinthefdl toburn off thetrash of dried weeds
that are remaining. If the weed seeds are still
remaining on the plant, burning can reducethe
number of viableweed seeds. Burning doesnot
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destroy themgjority of seedsthat havefalento
theground.

Theuseof flooding asaweed management mea-
suretemporarily reducesthe oxygen concentra-
tioninthe soil. Seeds need acertain concentra-
tion of oxygen to germinate; therefore, use of
flooding in the spring could reduce the number
of weed seedsgerminating. Use of floodingis
not practical in many agricultural situations.

BIOLOGICAL

Biological control of aweed may involveusing
natural enemies, such asinsectsand plant dis-
eases. Grazing of weedsby livestock isalsoa
form of biological control. Generally speaking,
biological control worksbest onlargeinfesta-
tionsof aweed. Inmost agricultural situations,
the effectivenessof biological control islimited
because of intensive farming practices.

A good exampleof biological control isthees-
tablishment of the seedhead weevil, Rhinocyllus
conicus, on musk thistlethroughout Utah. An-
other exampleistheuseof shegptofeed onleafy
purge, especidly whenitisinthe seedling sage.
Biological controlswill not eradicate aweed
population, but they can reducedensity and size
of infestations.

CHEMICAL

Chemical contral involvestheuseof herbicides
tokill or inhibit plant growth. The use of herbi-
cidesby humansfor weed control datesback to
theturn of the century, wheniron sulfate, copper
nitrate, and solutions of sulfuric acid were used.
Inthe 1940s, 2,4-D was devel oped asaselec-
tiveherbicide. Sincethat time, hundreds of her-
bicideshave been devel oped.



INTEGRATED WEED MANAGEMENT
IWM isthe use of two or more weed control
techniquesinamanagement program. Oftenthe
useof two or more methodswill result in better
overall weed management. Theselectionand
implementation of weed management techniques
depends on ecological, agronomic, and
economicfactors.

For management of perennia weeds, combined
effortsof cultural, mechanicd, biological, and
chemical methodswill produce better results
than the use of a single control technique.

RANGELAND WEED
AND BRUSH
MANAGEMENT

Much like crop producers, good weed and
brush management practicesarerequired for
livestock producersto maintain andimprovethe
productivity of rangeland. Many of the
methods and practices employed for crop
production ared so effectivefor rangeand pas-
turemanagemen.

Nonproductiveweedsand brushinvaderange-
land asthe desirable native species are weak-
ened or thinned out by practicesor conditions
such asovergrazing or erosion. Thereare sev-
erd problemsthat occur whenweedsand brush
infest pasture and rangeland.

Thefirst problemisthetakeover factor. Once
weeds and brush become established, they
spread rapidly. Theyield potentialsand carry-
ing capacity of these lands decline.

The second problem ispoisonousplant hazards.
Inmany cases, plantsthat invade abused range-
land aretoxicto livestock. Inthe 17 western
states, losses by livestock producerstotoxic
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plantsare estimated to be $107 million annu-
aly. When considering livestock abortions, birth
defects, poor gains, chronicillness, and other
problems caused by poisonous plants, thefig-
ureismuch larger. Inthewestern states, amost
ninepercent of nutritionaly sck animasareill
from eating poisonousplants.

A third problemisthereductionintheefficient
useof rangewhen brushtakesover. It becomes
virtually impossible to manage livestock
in areas overgrown with such vegetation.
Furthermore, it may be necessary toincrease
the number of breeding males in order to
maintain acceptablebirthrates.

Other sourcesof infestation or reinfestation in-
clude nonrange and noncrop areas such as
transportation and utility right of ways, road-
sides, field borders, fence lines, and areas
around farm and ranch buildings. It isherethat
weed seedsoften originateand, if not managed,
the surrounding lands become infested.

CLASSES OF
HERBICIDES

Most herbicidesareclassified aseither organic
or inorganic, with most of the compounds be-
ing organic. Some of the common classesof
herbicidesfollows:

PHENOXIES

The phenoxy herbicidesarewiddy usedin both
crop and noncrop areas for control of most
annual and perennial broadleaf weeds. Some
commonly used phenoxiesindude: 2,4-D (amine
and ester formulations), MCPA, dichlorprop
(2,4-DP), and 2,4-DB (Butoxone or Butyrac).
Thephenoxiesare primarily applied asapost-
emergencetreatment to thefoliage of actively
growing weeds. Entranceinto plantsthrough



root uptakeisa so possible. The phenoxiesare
primarily plant growth regulatorsand affect the
actively growing tissue of the plant. The ester
formulationsof the phenoxiesarerdatively vola-
tileand turninto agasduring hot summer days.
Care should be taken not to use them around
susceptible broadleaf cropsand ornamentals.

TRIAZINES

Thetriazinesare used inanumber of cropsand
inorchardsand shelterbelt areasto control an-
nual grasses and broadleaf weeds. Some com-
monly used triazinesinclude atrazine (AAtrex),
simazine (Princep), and metribuzin (Sencor or
Lexone). Thetriazinesare often applied asapre-
plant or pre-emergenceincorporated treatment.
Prometon (Pramitol) isanonsd ective pre-emer-
gence and post-emergence herbicide used on
noncrop land. Thetriazinesaffect plantsby in-
hibiting their ability to photosynthesize. Thetri-
azines have been used so extensively incertain
crops, such ascorn, that resistant weed species
have devel oped. Resistant biotypesof kochia
havebeenidentifiedin Utah.

THIOCARBAMATES

Thethiocarbamates are used on cropland and
onornamentd plantingsfor control of annud grass
seedlingsand broadl eaf weed seedlings. EPTC
(Eptam) isacommonly used thiocarbamate. The
thiocarbamates are applied asapre-plant, soil
incorporated trestment. They inhibit themerigtem-
atic growth of plants, such asroot and shoot tips.
Mogt thiocarbamatesarerelatively volatileand
must beincorporated into the soil.

UREAS AND URACILS

Theureasand uracilshave severa similar uses
and their modesof action havemany featuresin
common. Many of thecompoundsfoundinthese
two classes of herbicides are used at lower
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ratesthan other herbicidesin crop and noncrop
areasfor control of annual grassseedlingsand
broadleaf weed seedlings. Some of the com-
pounds are used at higher rates asanonsel ec-
tive, bareground product. Diuron (Karmex) and
tebuthiuron (Spike) are commonly used ureas
and bromacil (Hyvar) isawidely used uracil.
Thesecompoundsare primarily used assoil ap-
plied, pre-plant or pre-emergence herbicides, but
they also provide post-emergence control for
certain plants. Theureasand uracilsaffect plants
by inhibiting their ability to photosynthesize.

BENZOICS

Thebenzoicacid herbicidesareusedinboth crop
and noncrop areasfor control of numerousbroa-
dleaf weedsand annual grasses. A commonly
used benzoicisdicamba(Banve or Clarity). The
benzoi c herbicides are effective when applied
either foliar or tothe soil. Thebenzoicsareplant
growth regulatorssimilar tothe phenoxies. They
affect theactively growing tissuesof plants.

ACETANILIDES

Theacetanilide herbicidesare used in numerous
crops and in some ornamentalsfor control of
many annua grassesand broadleaf weeds. Com-
mon acetanilides include alachlor (Lasso),
acetochlor (Harness or Surpass), metolachlor
(Dual), and pronamide (Kerb). The acetanilides
areused assdlective herbicidesin cropssuch as
cornand sorghum. They areapplied aseither a
pre-emergence or pre-plant treatment.

SULFONYLUREAS

Thisclassof herbicidesisoneof themost recent
to bedeveloped. The sulfonylureasare highly
active compoundsused at extremely low rates.
They areused mainly to control many broad-
leaf speciesin small grain crops, pastures,



and noncrop areas. Commonly used
sulfonylureasinclude chlorsulfuron (Glean and
Telar), triasulfuron (Amber), sulfometuron
(Oust), and metsulfuron (Ally and Escort). These
compoundsare usually applied asfoliar treat-
ments,; however, they aso control newly emerg-
ing broadleaf seedlings. Chlorsulfuron and
sulfometuron are sulfonylureasthat are more
persstent in natureand will carry over into asec-
ond year when applied in high-pH soils. Care
must be taken when using these compounds
around certain crops such ascorn, sugar bests,
and potatoes. Extremdly low residuesfromwind
drift or inwind blown soil can cause significant
croploss.

IMIDAZOLINONES

A new and important herbicide family isthe
imidazolinones. Itincludesimazethapyr (Pursuit),
imazamethabenz (Assert), and imazapyr
(Arsend).

HERBICIDES BY USE

Herbicidescan beconveniently classified by their
selectivity, whichishow they affect thetarget and
nontarget vegetation. They aso may beclassi-
fied by use, whether they are applied to the ol
or foliageof theplant. Herbicidesaffect plantsin
different ways. Someherbicideswork gtrictly by
contact withtheleaf and slemsof the plant, while
othersmay betaken up by therootsor leavesof
aplant and translocated throughout the plant,
acting systemically. Some herbicides used at
lower ratesmay help regulatethe growth of the
plant and production of the seed, whileat higher
rates, they will kill plants.

SELECTIVE HERBICIDES
The primary role of aselective herbicideisto
remove unwanted vegetation (weeds) from an
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area, whether it bein acrop, range or pasture,
without affecting the surrounding vegetation.
Some selective herbicides such as 2,4-D,
dicambaand picloram areappliedtothefoliage
of theplant, while other herbicidessuch asatra-
zine, trifluralin, and oryzalin are applied to the
soil.

NONSELECTIVE HERBICIDES
Nonselective herbicidesare chemicalsthat are
phytotoxic to most plant species. These com-
poundsaregenerally used whereeither no veg-
etation iswanted, such asaong transportation
and utility rights of way or ditches, or whereit
isnecessary to destroy thetop growth of acrop
such as with potatoes. Compounds like
glyphosate, which haveno soil resdua, areused
incrop systemsasachemical fallow treatment.
Commonly used nonsdlective herbicidesinclude
glyphosate, imazapyr, bromacil and paraquat.
When using thelonger residual non selective
herbicides such as bromacil, diuron or
tebuthiuron, extreme caution should be taken
around crops, trees or water.

Do not apply any of these herbicideson doping
land wherethereispotential of washing the her-
bicideinto nontarget vegetation or water. Treated
soil should not be moved or used for other pur-
poses unlesstested and found free of residue.
Care must be taken when applying any herbi-
cide. Most selective herbicides can becomenon-
selective asaresult of over application.

CONTACT HERBICIDES

Contact herbicidesare applied to thefoliage of
plants. These herbicides affect only the part of
the plant they contact. Usually complete cover-
age of the plant is necessary for good control.
Most contact herbicides are nonselective.
Bromoxynil, paraquat, and diquat arecommonly
used contact herbicides.



TRANSLOCATED HERBICIDES
Herbicidesthat movefrom one part of the plant
to another such asfromtheleaf totherootsare
trand ocating or systemic herbicides. Herbicides
that movefromtheleaf surfaceand flow tothe
root through the phloem follow the same path-
way assugar that isformed by photosynthesis.
Herbicidesthat are absorbed by theroot enter
the xylem and movethroughout the plant, fol-
lowing the same path astranspirational water.

Trand ocating herbicides may beeither soil or
foliar applied or both, depending on the herbi-
cideand itsroute of action. Some herbicides
will moveexclusvey through either thefoliage
or theroots, while other herbicides can move
equally through both systems.

Trand ocating herbicidesareanimportant tool
incontrolling perennia weeds, which haveex-
tensive underground root systemsthat are hard
tokill. Somecommonly used foliar-applied her-
bicideswhichtrand ocateinto both foliageand
rootsinclude MSMA, glyphosate, dichloprop,
2,4-D, dicamba, picloram, and chlorsulfuron.

Commonly used soil-applied herbicidesthat
primarily translocate through root uptake are
simazine, diuron, pronamide, and EPTC. A
number of thetriazinesand thiocarbamateswill
trang ocate through both processes; however,
they primarily work through root uptake be-
cause of the recommended method of applica-
tion.

PLANT GROWTH REGULATORS

Plant growth regulators (PGR) are herbicides
used for regulating or suppressing thegrowth
of aplant and/or itsseedhead production. Some
of the PGR herbicidessuch asmefluidide (Em-
bark) strictly suppress the growth and
seedhead production of certaingrassesand
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do not have any phytotoxic effects on other
grasses or broadleaf plants in general.
Sulfometuron (Oust) isaherbicidethat causes
growth and seedhead suppression on certain
grasses and controls many annual broadl eaf
weedsasthey germinateinthe soil. Anexample
of aherbicide used asagrowth suppressant of
many brush species is fosamine ammonium
(Krenite). Theseherbicidesaregenerdly applied
tothefoliage of the plants.

FACTORS AFFECTING
FOLIAR APPLIED
HERBICIDES

BIOLOGY OF WEEDS

Grassand broadleaf weeds go through stagesof
growth inwhich they are more or | ess suscep-
tibleto herbicides. Proper timing of aherbicide
applicationisimportant for effective plant con-
trol. The basic stages of plant growth are seed-
ling, vegetative, bud and flowering, and maturity.
Thesestagesvary between annual, biennial, and
perennid plants.

Seedlings

Whether |ooking at annual, biennid or perennid
weeds, the seedling stage of growthisthesame,
they all start from seed. Theweed seedlingsare
small and tender, so lessenergy isrequired for
control at thisstage of growth than at any other.
Thisistruewhether mechanica or chemica con-
trol isused. Herbicidesthat arefoliar or soil ap-
plied areusually very effective at this stage of
growth.

Vegetative

During the vegetative stage of growth, energy
produced by the plant goesinto the production
of stems, leaves, androots. Control at thisstage



isstill possible but sometimes harder than at
the seedling stage of growth. At this stage, a
combination of cultivation, mowing, and herbi-
cideapplicationsoffer effectivecontrol.

ANNUALS

Flowering

When anannua plant changesfromthevegeta-
tiveto theflowering stage of growth, most of its
energy goesintothe production of seed. Asplants
reach thismore mature stage, they areusually
much harder to control by chemica methods.

Maturity

When an annual plant has produced seed, it has
completed its life cycle. Once seeds are pro-
duced, mechanica or chemica control methods
arenot effective, since neither method will de-
stroy the seed.

.

Seedling

Percent control

Vegetative Flowering Mature

Weed control of annuals by growth stage

BIENNIALS

Vegetative

Biennidsareplantsthat completetheir lifecycles
intwo years. Most bienniasdevelop arosette, a
cluster of crowded |eavesclosetotheground, in
their first year. Therosettecan beseeninthefal
andinthespring of thefollowing year. Best con-
trol of bienniadswiththeuseof herbicidescanbe
achieved during thisgrowth stage.

Bud to Flowering

Effectivecontrol of biennidswith herbicidescan
be achieved whenthe plantisinthebudto early
flower stage.
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Maturity

When abiennid plant has produced seed, it has
alsocompleteditslifecycle, just liketheannua
plant. Mechanica or chemica control measures
would onceagain not beeffectiveat thisstage of
growth, since the seedswould not be affected.

PERENNIALS

Vegetative

Mos sysemicfoliar herbicidestrand ocatewithin
plantsin much the same pattern assugars. The
maost effective herbicide applications coincide
with the time when the greatest abundance of
sugarsisbeing trand ocated to theroots. When
the plant issmall, much of the energy used to
produce stems and | eaves comesfrom the sug-
arsand starches stored inthe underground roots
and stems. Herbicidetreatment at thistime pro-
videsonly fair results. Astheplant grows, more
energy isproduced in the plant leaves. Someof
these nutrients are moved to the underground
partsfor growth and storage. Herbicide treat-
ment at thistime providesfair results.
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Seediing  Vegetative Bud
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Mature Fall
Regrowth

Early Full Flower
Flowering

Weed control of perennials by growth stage

Bud to Flowering

At this stage, the plant's energy goesinto the
production of flowersand seeds. Food storage
intheroots beginsduring this stage and contin-
uesinto maturity. Chemica control isgeneraly
moreeffective a the bud stagethan at theflow-
ering stage. This is an excellent time to
apply asystemicfoliar herbicide.




Maturity.

During the period between the production of seed
until thefall regrowth, perennia plantsgointoa
timeof senescenceor aging. Theplantisnot feed-
ing itsroot or growing, and therefore chemical
control at thistimeisnot very effective. When
fall approaches, the plant becomesactiveagain
and gartssending nutrients (food reserves) down
totheroot to storefor thewinter. Fall regrowth
isanother excellent timeto chemically treat pe-
rennial weeds, sincethe plant will readily trans-
locate the herbicide down throughout theroot.

PHYSICAL CHARACTERISTICS OF
PLANTS AFFECTING HERBICIDE
EFFECTIVENESS

Thephysca characterigticsof plantssuch asleaf
shape, cuticlelayer of theleaf surface, and | eaf
hairsaffect the ability of herbicidestogainen-
tranceinto theplant. By considering eachfactor,
moreeffectivecontrol isachieved.

Leaf Shape

L eaf shape affectstheamount of herbicidethat
may enter the plant. Herbicide spraystend to
bounce or run off plants with narrow, upright
leaves such as grasses. Most broadleaf plants
havewide smooth leaf surfacesthat areparallée
to the ground and hold the herbicide spray on
theleaf surface.

When spraying grassesor other narrow |eafed
weeds, some herbicidelabelsmay suggest add-
ing asurfactant (spreader or sticker) to the spray
to help the spray solution to adhereto the | eaf
surfaceand thereforeincrease the effectiveness
of theherbicide.
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Cuticle Layer

All plantshaveawaxy leaf surface called acu-
ticle. Thecuticlerestrictsthemovement of water
and gassesinand out of thelesf. Thecuticlethick-
nesswill vary within the same speci es, depend-
ing ontheenvironmental conditioneachplantis
exposed to. Plantsgrowing in the shade often
havethinner cuticlesthan thosegrowinginthe
sun and younger leavesusualy havethinner cu-
ticlesthan older |leaves.

Thewaxy cuticlelayer affectsthe absorption of
the herbicide by the plant. The herbicide must
penetratetheleaf surfaceto beeffective. A leaf
withathin cuticlelayer dlowsthespray solution
good contact with theleaf surfacewith resulting
absorption. However, on aleaf with athick waxy
cuticlelayer, the spray solutiontendsto stand up
indropletsand has moredifficulty penetrating
thewaxy cuticlelayer. Adding anonionic sur-
factant (wetting agent) to the spray solution (if
indructed todo soonthelabd) isimportant when
treating any plant that hasathick cuticlelayer.

Leaf Hairs

Hairsontheleaf surface also tend to keep the
gpray solution from making contact with thelesf
surface. Dropletsareformed and are suspended
by the hairs. Adding anonionic surfactant (wet-
ting agent) to the spray solution (if instructed to
do so on thelabel) isimportant when treating
any plant that hasleaf hairs. A nonionic surfac-
tant will break the surfacetension of thewater
droplets and improve the spread of the spray
solution over theleaf surface. Many foliar her-
bicidesalready have asurfactant added to the
formulation.



FACTORS AFFECTING
SOIL APPLIED
HERBICIDES

SOIL CHARACTERISTICS

Thephysical and chemical characteristicsof the
soil aswell asthe climatic conditionswill deter-
minetheeffectivenessof asoil gpplied herbicide,
the persistence of the herbicidein the soil, and
the potential movement of the herbicidethrough
the soil (leachability).

Oneof the propertiesof soil particles, aswell as
herbicides, isthat they vary widely intheir polar-
ity or magnetism. Both soil particlesand herbi-
cides can either be negatively or positively
charged or neutral (no charge). Like charged
particlestend to repel each other while oppo-
sitely charged particlestend to attract each other
or bind together. Neutral particlesare neither
attracted nor repelled by other particles except
through surface tension. Herbicidesthat have
neutral polarity tend to move through the soil
profilemorereadily.

Soil particlesvary inthe number of chargesites
they may have. Sand particleshavefew charge
sites, whileclay particlesand soilscontaininga
lot of organic matter have many charge sites.
Knowing thetexture of the soil and the percent-
ageof organic matter at aherbicide application
siteisimportant becausethey grestly affect the
persistence of the herbicidein the soil and the
ability of the herbicideto moveinthesoil. The
typeof soil particlenot only determinesitsbind-
ing ability but also the pore space or water-hold-
ing capacity.

SOIL TEXTURE
Soil texturesare categorized into three groups.
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1 Sandsand sandy loamsarereferred to
aslight- or coarse-textured soils.

2. Loams, sltloams, and claysarereferred
to asmedium-textured soils.

3. Clay loams, silty clay loams, and clays
arereferred to asheavy- or fine-textured soils.

Sail texture can be determined by a soil test.
Contact alocal county extension office or a
Natural Resources Conservation Service
(NRCY) Officefor information on how to col-
lect soil samples. Detailed soil maps have been
developed by the NRCS for most countiesin
Utah. Herbicidelabel shave recommended rates
of application based on the soil texture.

Thetextureof soil basicaly isdetermined by the
percentage of sand, silt, and clay init. Sand par-
ticlesarecoarseand relatively large, and they
have few charge sites. They have large pore
openings between the particlesthat allow water
to move down through the soil profilerapidly.
The combined characteristicsof few chargesites
and large pore openings makes sandy soil the
most permeable (the ability for water and herbi-
cidesto movewith least resistance through the
soil column). Therisk of groundwater contami-
nationisgreatest in sandy soils.

Silt hasmore charge sitesthan sand and isfiner
inparticlesize; thusit isless porousthan sand.
Silty soilstend to hold morewater and herbicide
than do sandy soils, but not asmuch asclay soils.

Clay particlesarefinewith many charge sites.
Water and herbicides tend to be bound up in
clay soils. These soilsact asabarrier totheflow
of herbicidesthrough the soil profile. Soilsthat
arehighin clay content requiremoresoil-gpplied
herbicidefor weed control than do sandy soils.



Organic matter hasmany morenegativecharge
stesthan eventhefinest clay particles. In addi-
tion to the herbicide moleculestied up on the
organic matter, there are al so particles of wa-
ter, sodium, calcium, and ammonia.

TEXTURE (CLAY)

Soilsthat are high in organic matter and clay
content will hold aherbicidefor alonger time
than sandy soils. Herbicidesarebound to the
organic matter and clay particlesand released
so dowly that the chemica may not beeffective
asaherbicide. Herbicide persistenceisgreat-
est in soilswith high organic matter and clay
content.

HERBICIDE PERSISTENCE

Thephysical characteristicsof aherbicide (po-
larity) and soil texturegrestly affect thepersis-
tence of aherbicidein the soil. Other factors
that affect herbicide persstenceincludetherate
of application, microbia and chemical decom-
position, solubility of aherbicide, and precipi-
tation. Thesefactors also affect how deep a
herbicidewill leechinsoil.

Herbicidesvary greatly in their ability to be
solubleor uniformly dissolved in water. The
greater thesolubility of thechemicd, thegreater
the potential for leaching deeper into the soil
column. Soil microorganisms such asalgae,
fungi, and bacterialiveinthe soil and useor-
ganic matter asafood source. Organic herbi-
cidesare decomposed through thisfeeding pro-
cess. Chemica decomposition of some herbi-
cides occursthrough chemical reactionssuch
asoxidation, reduction, and hydrolyss. Annua
ranfdl affectshow long aherbicidewill persst
inthesoil, especidly inthetop onetofour inches,
where most weed seedsgerminate. Herbicides
tendtopersistlonger indry areas.
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HERBICIDE
SELECTION

CROP KNOWLEDGE

A thorough knowledge of the crop whereweeds
aretobecontrolledisessential for weed control
and crop protection. Selection of the proper her-
bicide, appropriate gpplicationrate, and the best
timing for treatment depend on the crop being
grown. A thorough knowledge of the herbicide
labeled for usewith aparticular cropisasoim-
portant. Herbicidelabelsprovidedetailed infor-
mation for proper and safeuse. A herbicidela
bel providesthe best guidelinesfor successful
weed management.

CROP ROTATION

When sl ecting aherbicide, thought should be
givento thecrop rotation planned for the next
year. A number of herbicidesstay activeinthe
soil for six monthsor moreand will kill certain
crops even when present in extremely low
amounts. Application of aherbicidemay limit
which crop can be planted thefollowing year.
Thefollowing aretwo situationswherecrop ro-
tationislimited. If atrazineisusedin corn, adif-
ferent crop cannot be planted for two years. If
Banvel isusedingrainor corn at fairly heavy
applicationrates, especialy inthefal, it would
not be possibleto rotateto broadleaf crops, such
asbeans, potatoes, or dfdfathefollowing spring.
Croprotationlimitationsareclearly stated onthe
labdsof theherbicidesregistered for usein crop-
land. Herbicidesdlectionisanimportant consd-
eration when crop rotation isscheduled.

SURROUNDING VEGETATION

When choosing aherbicideto usefor weed con-
trol, consider thevegetation that iscloseto the
application site. Take precautions so that the



that the herbicidesused will not drift to nontar-
get areas. The contamination of nontarget veg-
etation by herbicides can occur threeways: by
wind drift, physica movement, and volatiliza-
tion.

Herbicidedrift occurswhen spray dropletsare
carried away from the application areaby air
movement. Smaller sized droplets have a
greater potential for wind drift. Fog and mist
applications present the greatest hazard. The
distance asprayed herbicide can drift depends
on the speed of thewind, height of the nozzles
abovetheground, and size of the spray drop-
lets.

Physical movement of a herbicide can occur
when soil with herbicideparticlesboundtoitis
blownfromthetarget site. Thistypeof herbi-
cidemovementismorelikely to happenwhena
herbicide applicationismadeto bare ground.
When applying any herbicidethat isextremely
activeat low rates, such asthe sulfonylureaher-
bicides, becareful around nontarget vegetation.

Volatilization or vaporization occursfromthe
evaporation of theherbicideafter it hitsthe soil
or plant surface. Certain herbicidessuch asthe
2,4-D ester formulation and dicambawill va-
porizeduring hot summer days. The movement
of such vapor withwind currentsmay injuresen-
gtivevegetation. If aherbicidevolatilizeseesly,
precautionsfor use during hot weather will be
stated onthelabel.
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Applicatorsshouldfollow thelabel directions
concerning herbicide useand restrictionsdur-
ing hot weather. Recommendationsfound on
herbicidelabe sfor soray applicationsinclude:

» Mix and apply herbicideformulationshaving
a low volatility,
» Apply herbicidesusing thelowest practical
Spray pressures,
» Apply herbicidesusing thelargest practical
spray droplet size,
» Apply herbicideswhenwind speedislow,
and
* Donot apply herbicidesduring atempera
tureinversion (whenair iscoolest at ground
level, getswarmer up to acertain height, and
getscooler from that point up).
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Pedticide gpplications, if economically and bio-
logicaly justified, can reduce | osses caused by
plant pathogens (infectiousagents) infieldand
vegetable crops, fruit trees, ornamentalsand
turf. Pesticides provide no benefit if applied to
plants damaged by noninfectious agents such
as nutrient imbalances, weather extremes,
chemicals, and cultural practices. Successful
control of plant pathogensthrough the use of
pesticidesisdependent uponthefollowing con-
ditions.

1. Aninfectiousagent iscausing thedisease,

2. Application of apedticideisjustified,

3. Anappropriate pesticideis selected, and

4. Therate, method, timing, and frequency of
pesticide application are correct.
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PLANT PATHOLOGY

Thegrowth and yield of plantsdepend onthe
availability of nutrients and water in the soil
wherethey grow and onfavorableenvironmen-
tal factors such astemperature, moisture and
light. Anything that affectsthehedlth of plantsis
likely to affect their growth and yield. Plants
suffer from diseasesthat are similar in many
waysto those affecting anima sand humans.

A plant disease can cause disturbancesthat pre-
ventsthe normal development of aplant and
reduceitseconomic or aestheticvalue. A dis-
easeinterfereswiththenorma function of some
part of theplant, resultinginreduced qudity and/
oryield. A list of major plant diseases appears
inAppendix 3.



Diseasesare caused by noninfectiousagentsthat
includeenvironmenta, nutritional and chemica
imbalances, and by infectiousagentsincluding
microorganismsand parasitic plants. Plant pa-
thology isthe study of four topics: (1) thenonin-
fectiousand infectiousagentsthat cause diseases
inplants, (2) mechanismsby which theseagents
produce diseases, (3) interactions between the
disease causing agent and diseased plant, and
(4) methods of preventing or managingthedis-
ease anditsdamage.

If adisease hasnot been previoudy identified or
isnot well known, then thediagnosisof acausal
agent must involvefour criteria

1. Thecausal agent must be consistently associ-
ated with the disease,

2. Thecausal agent must beaccurately
identified or isolated in pure culture,

3. Thesymptomsfound inthe diseased plants
must developin healthy plantswhenthey
areinocul ated with the pathogen, and

4. If caused by abiotic agent, the pathogen
Isolated in the second criteriamust be
isolated from plantsinoculated in thethird

criteria.

NONINFECTIOUS
AGENTS

Plant diseases may be caused by achangeinthe
environment such asan excessor deficiency of
somefactor needed for growth or by someharm-
ful substancein contact with the plant. Patho-
gensare not present in the noninfectious (abi-
otic) diseases and therefore cannot be transmit-
ted from one plant to another. These diseases
may occur during plant growth and handling, from
germination to maturity; and in storage or pro-
cessing. Symptomsof noninfectiousagentsare
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often confused with those caused by infectious
(biotic) agents, and they rangefrom dlight to se-
vereasplant tissueexhibitslocalized to general
damage.

Extremesin temperature, moisture, or light are
often unfavorablefor plant growth. Nutritional
deficiencies and excesses cause disease like
problemsthat must becorrectly identifiedif they
areto be corrected. Chemically induced plant
diseaseresultsfromimproper soil pH, improper
useof fertilizersand pesticides, chemica spills
and runoff, and air pollution. Cultural practices
may compact soil or mechanically wound plant
tissue, creating unfavorable conditionsfor plant
growth. Theseconditionsmay predisposeplants
toinfection by biotic agents.

Plantsrequire acertain balance of nutrientsor
minera elementsfor normal growth. Nitrogen,
phosphorus, potassium, cal cium, magnesium,
and sulfur are needed inlargeamountsand are
caled mgor eements. Iron, chlorine, molybde-
num, manganese, copper, zinc, and boron are
usually needed invery small amountsand are
called trace or minor elements. WWhen one or
more of these nutrientsare deficient or exces-
sive, plants become diseased and exhibit vari-
ous symptoms that may appear on the roots,
stems, leaves, flowers, fruits, and/or seeds.

Thesesymptomsinclude:

1. Reduction of growthandyield,

2. Tissuediscoloration and burning (colorsof
white, light green, yellow to brown),

3. Curling and distortion of leavesand other
plant structures, and

4. Wilting, and/or desth.

Nutrient imbal ances can beidentified by analy-
sisof soil andtissue samplesat aqualified soil-
analysis laboratory. Based on the test



results, fertilization programscan bedevised to
prevent or correct thenutritional problem.

Table 1. Nutrient Deficiencies in Plants

Nutrient
Nitrogen

Symptoms
Light green color, lower leaves

turn yellow to brown, poor
growth

Bluish-greenleaves, lower
leaveslight bronze
Yelowing of older leavesand
browntips, scorched and
spotted margins, dieback if
severe

Older leavesaffectedfirst,
mottled or yellowed, then
reddish, tipsand margins of
leaves cup upward, drop
Yellow leaves, mgjor veins
remain green and checked
Young leavesareydlow,
major and minor veinsgreen,
brown spots

Interveind yellowing, brown,
shortinternodes.

Phosphorus

Potassum

Magnesum

Manganese

lron

Zinc

Most plantswill not grow well inacid (pH less
than seven) or akaline (pH greater than seven)
soilswhenthelevelsare extreme. Inacid soils,
mineral saltsare more soluble and so concen-
trated that they aretoxic to plantsor interfere
with absorption of other necessary elements.
Symptomsof mineral deficiency then develop.
Excessiveamountsof certain saltsraisethe soil
pH and cause akali injury such asburning (tan
to brown discoloration) of leaf edges. Inalkaine
soils, minor elementslikeiron and zinc are not
availabletotheplant resulting in severegrowth
reduction. Soil testscan helpidentify thesetypes
of problemsand provideguideinesfor their man-
agement with futurecrops.
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Wesather extremes can damage plantsat various
stagesduring their devel opment and maturity.
Low temperaturewill injureplantsby causingice
formation between and/or withincdlsthet, inturn,
injuresmembranesand other cell components.
Late spring and early fal frostsdamage and kill
tender plants, buds, |eaves, flowers, fruits, and
seeds. Damaged tissue wilts, turns brown to
black, and dies. Spring frost damage can usudly
be avoided by planting on recommended dates.
Proper shading, covering, mulching, irrigating, fer-
tilizing, and heating help reduce the damageif
cold temperatures are not too extreme.

L eaf scald or sunburn occurs during periods of
hightemperaturefollowing periodsof rapid plant
growth, especidly after rainy and cloudy wegther.
Large, irregular, water soaked, or dead areas
maly form on sun exposed portionsof succulent
leavesor fleshy fruitsand vegetables, including
apples, tomatoes, onions, and potatoes. Exces-
svelight, drought, highwinds, and thelow rela-
tivehumidity that usually accompanieshightem-
peraturesall intensify hot weather injury. Little
can be doneto decreasethe effect of thesedam-
aging conditions. Reducing soil compaction, crop
irrigation, and the planting of varietiesres stant
to heat stress are the best waysto reduce high
temperature damage.

Moistureextremescan damageany typeof plant.
Too much or too littlewater will causeinjury.
During thesengitive stagesof plant growth, flow-
ering and fruit production, the correct amount of
moistureisimportant. Thefirst symptom of wa:
ter shortagein plantsiswilting of tissuethat may
recover during thenight. If thewater stresscon-
tinues, plants become dwarfed and stunted.
Leavesydlow or redden, begintodieaongthe
tipsand margins, and finally drop off.



Other plant partscan besimilarly affected, and
maturity may even bedeayed. Plantsmay suffer
injury when soils become flooded, are water
logged, or poorly drained. The plantscannot get
enough oxygen for normal growth or they be-
comeinfected by soil-borne pathogens. Flood-
ing symptoms can includewilting, yellowing,
stunting, and desath..

Phytotoxic chemicals can damage plants, espe-
cidly whenusedimproperly. Air pollutionfrom
machinery and industry can drift long distances
and damage sensitivetissue. Such damagewill
cause bronzeto brown flecking of leef tissueand
tips. One of the common causes of chemical
damageisaherbicideapplied at aratetoo high
for soil conditions. Thisisespecialy trueif wet
and cool conditions occur for prolonged peri-
odsafter planting and/or if soilsare compacted
and poorly drained. Sengitiverootsand growing
pointsmay beexposed totoxiclevelsof thepes-
ticide, solvent, diluent, or carrier. Temperature
and humidity affect the severity of thedamage,
which may include stunting of rootsand plants,
distortion or discol oration of leavesand other
plant organs, yield reduction, and tissueand plant
death.

Themost effectiveway to prevent chemical in-
jury isto apply the correct pesticides at the ap-
propriate rates and use methodsto reduce drift
and contamination of soil and water. Manage-
ment recommendationsasoincludefollowing an
appropriate crop rotation and planting date,
planting less sengitivevarieties, and improving
soil conditionsand drainage.

INFECTIOUS AGENTS

Diseasescaused by infectiousagents (plant patho-
gens) are characterized by their presenceonor
within plants. Thedetection andidentification of
plant pathogens may be accomplished by
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examination with the naked eye, withamagnify-
inglens, by microscopicviewing, and/or by labo-
ratory isolation. If apathogenisnot located on
the surface of the diseased plant, then additional
symptomsand presence of the pathogen may be
found insdethe plant. Examinations should be
doneat themarginsof affectedtissue, inor near
vascular tissue, or at the base of the plant such
asinitsroots.

Thegeneral classesof plant infectious agents
that cause plant diseases are parasitic plants
(dodder, for example), nematodes (dfafa-stem
nematode), fungi (whitemold of beans), bacte-
ria (black leg of potato), phytoplasmas (pear
decline), and virusesand viroids (barley yellow
dwarf virus). Quite often, aplant isattacked by
two or morepathogens, oftenin combinationwith
anoninfectiousagent that may cause additiona
stressor predisposition to infectious agents.

PARASITIC PLANTS

Parasitic plantsare higher plantsthat reproduce
by seed. Mot of the parasitic plantshave modi-
fied root-like structuresthat attach to plant tis-
sueto get nutrientsand water, thereby weaken-
ing the host and reducing its productivity. Ex-
amplesof parasitic plantsinclude dodder, and
leafy and dwarf mistletoes. Dodder can affect
many crops, including afafa, onions, and pota-
toes.

Control recommendationsinclude using clean
seed and equi pment to prevent parasite intro-
duction, crop rotation, restricting movement of
livestock between fields, and herbicide applica
tions.

NEMATODES

Nematodesaresmdl (one-fiftiethto one-fourth-
inchlong), edl-likewormsthat feed on plants
by means of a miniature hypodermic-like



structure called astylet, which isused to suck
liquid nutrientsout of plant cells.

Females of some species become swollen at
maturity and have pear shaped or oval bodies.
Nematodesreproduce by laying eggsthat hatch
aslarvaeor juveniles Thelarvaedeve opthrough
aseries of four molts, where the outer skinis
shed, until they become adults. Such nematodes
cancompletetheir lifecycleinlessthan 30 days.
Some nematode species damage plants prima-
rily by feeding on the outside (ectoparasites),
whileothers(endoparagites) enter and feed from
within the plant tissue such asin roots. Nema-
todes cause damageto plantsby injuring cells,
removing cell contents, and/or changing normal
plant growth processes.

Symptomsof nematodeinfestationinclude poor
growth, reduced yield and qudity, stunting, yel-
lowing, and wilting of plants that cannot get
enough water and nutrients. Nematodes may
alsointeract with other pathogens (synergism)
to cause more damage than either organismin-
dividually. Nematodes can act as wounding
agents (predisposerootsto soil bornefungal and
bacterid pathogens), host modifiers(enzymeand
hormone changesin plant tissue), and vectors
(of viruses, for example).

Control recommendationsincludecrop rotation,
using clean equipment, irrigating with
noncontaminated water, biologica agents, ress-
tant varieties, and pesticide (nematicideand fu-
migant) applications. Nematodes are a minor
problem in Utah, except for the afalfa stem
nematode.

FUNGI

Fungi (sngular: fungus) aresmall, threadlike or-
ganismscomposed of tiny filamentscalled hy-
phae. Individud hyphaearecomposed of strands
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of smplemicroscopic cels. A massof branched
and intertwined hyphaeis collectively called
mycelium. Somefungi grow insde plant tissue
or organic debris and cannot be seen unless
magnified. Other fungi producevisiblemildew,
molds, and mushrooms. Most fungi producemi-
croscopic spores, which are often spread be-
tween plants by wind, water, soil, machinery,
animds, or humans,

Spores land on aplant and germinate by pro-
ducing agerm tube. Hyphae then develop and
penetrate the plant surface directly or through
natural openings (stomates) and wounds. Fungi
damage plantsby producing toxins, enzymes, or
growth regul ating substancesthat alter or de-
stroy plant tissue. Diseases include leaf spot,
blight, canker, dieback, root rot, damping off,
basal stemrot, soft and dry rots, scab, stunting,
gdls, wilt, rust, mold, and mildew. About 8,000
speciesof fungi can cause plant diseasesand all
plants can be attacked by somekind of fungus.
Somefungi cangrow and multiply only onaliv-
ing host, whileothersgrow and multiply ondead
organic matter aswell asonliving plants.

Control recommendationsincludecrop rotation,
sanitation of previoudy infected debris, salecting
clean seed and transplants, using clean water and
equipment, scheduling planting to reduce expo-
sureduring favorablewesther, utilizing biologi-
cal agents, selecting resistant varieties, and ap-
plyingfungicides

BACTERIA

Bacteria(singular: bacterium) are microscopic,
single celled organismsthat possessrigid cell
walls, contain cytoplasm, have noroots, stems,
or leaves, and contain no chlorophyll. Somebac-
teriahavelong, dender, hair like coiled append-
agescalled flagellathat propel theorganism
through water. Bacteria reproduce by a



processcalled binary fissoninthat onecell di-
videsintotwo cdls(possibly every 20to 30 min-
utes). Thousandsof bacteriacan occupy asingle
drop of water. Therapid multiplication of bacte-
riaand production of toxinsand enzymesthat
ater or destroy plant tissue contributeto the dam-
age caused by bacteria They enter plantsthrough
woundsor natura openings. Symptomsinclude
leaf spotsand blights, soft rots, wilts, scabs, can-
kers, and overgrowths.

Control recommendationsincludecrop rotation,
sanitation, selecting clean seed and transplants,
using clean water and equipment, utilizing bio-
logical agents, selecting resistant varieties, and
applying pesticide (antibiotics, bactericides).

PHYTOPLASMAS

Phytoplasmasaresmall, sngle-cdled organisms
that occur inside plant phloem cells.
Phytoplasmasdo not haverigid cell walls. They
assume various shapes and are enclosed by a
triple layered cell membrane. Many diseases
caused by phytoplasmeas, wereorigindly believed
to be caused by viruses(yellows). Phytoplasmas
are spread between plants by vectors such as
|eaf hoppers. Phytoplasmas can al so be spread
ininfected plant parts. Symptomsinclude stunt-
ing, proliferation of shootsand roots, yellowing
or reddening of foliage, abnormal flowers, and
eventua declineand degth of the plant.

Control recommendationsincludecrop rotation,
weed control of dternate hogts, sanitation of pre-
vioudly infected debris, transplanting clean stock,
insect-vector control, resstant variety selection,
and pedticidetreatment (tetracyclineinjection) of
infected planting stock for phytoplasmadiseases.
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VIRUSES AND VIROIDS
Virusesandviroidsarevery smdl particlescom-
posed of nucleic acid and protein. They can be
seenonly under an éectron microscope. Viruses
that infect plantsare generally spherical or rod-
shaped. Nucleicacid (usually ribonucleicacid or
RNA) composesthe center of virusparticlesand
issurrounded by aprotein coat. Viruses cause
diseasesin plantsby diverting energy and struc-
turd components, normaly usedfor plant growth,
into reproductive processesfor thevirus. Viruses
are spread between plants by insect vectors
(aphids, leafhoppers, thrips, whiteflies), nema-
todevectors, infected plant parts. man, and ma-
chinery. Viroidsare smaller than viruses. They
act likeviruses, but theinfectiousparticleissm-
ply astrand of RNA and contains no protein.
Symptomsof virusesand viroidsinclude stunt-
ing, local lesions, ring spots, mosaics, yellowing,
pitting, and distortions of leavesand other plant
parts.

Control recommendationsincludecrop rotation,
weed control of dternate hogts, sanitation of pre-
vioudly infected debris, using clean transplants
and seed, insect-vector control, resi stant variety
selection, and heat-treatment of planting mate-
rid.

RECOGNIZING PLANT
DISEASES

Pant diseasesareinitialy diagnosed or suspected
by the presence of characteristic signsand/or
symptomsthat are associated with aparticul ar
disease or disease complex. Examplesarevis-
ible masses of hyphae and spores such asmil-
dew, mold, rust, and smut, or other structures
that might includewhite-mold sclerotia



Symptoms of disease may appear asinfection
or injury of the plant and may include stunting,
dead or rotten spots on plant parts, discolora-
tion, swdling, blight, wilting, and water soaking.
A list of Utah’smagjor plant diseases appearsin
Appendix 3.

NECROTIC SYMPTOMS

1 Leaf spots- localized lesionson host
leaves consisting of dead and collgpsed cells;
lesion color may rangefromwhitetoyellow to
black, depending on the disease; the dead
center of alesionmay drop out, leaving ashot
hole; chlorosisrefersto ayellow-to-green
color; necrosisusudly refersto dead tissue
with awhite, tan, brown, or black color

2. Blight (scorch, firing, blast, scald) -
genera and rapid browning of plant parts
resultinginther death

3. Canker (pitting) - alocalized wound
or necrotic lesion often sunken beneath the
surface of the stem or treetrunk

4, Dieback- extensive necrosisof plant
partsbeginning at their tipsand advancing
toward their bases

5. Root rot - disintegration or decay of
part or all of theroot system

6. Damping off - rapid death and
collapse of very young seedlings before or
after emergence

7. Basal stem rot- disintegration of the
lower part of the plant

8. Soft rots (leak) and dry rots - awet
or dry disintegration of plant parts, may include
localized soft rotting or water soaking of tissue
9. Scab- localized, dightly raised or
sunken, cracked lesionsusualy onthefruit

10. Decline and stunting- poor plant
growth; leavesare often small, brittle, and
yellow or red; somedefoliation and dieback
may be present
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DISTORTION SYMPTOMS

11. Clubroot - enlarged rootsthat appear
likeclubsor spindles

12. Galls - usualy small plant portions
such asroot hairsbecomeenlarged

13.  Warts - wart-like protuberanceson
tubersand stems

14.  Witches'-broom - profuseupward
branching of plant parts

15. Leaf curl - distortion, thickening and
curling of leaves

OTHER SYMPTOMS

16.  Wilt (flagging) - usudly ageneraized
but secondary symptom whereleavesor
shootslosether turgidity and droop because
of adisturbanceinthevascular system of the
root or stem

17. Rust- small lesionsonleavesor other
plant parts contai ning masses of fungus spores
that arewhite, orange, red, brown, or black
18. Mildew - chlorotic or necrotic areas
on plant partsusually covered withwhite
mycelium and sporesof afungus

19. Mold - any profuse or woolly fungus
growth on damp or decaying matter or on
surfacesof host tissue

DEVELOPMENT OF
PLANT DISEASES

For aplant diseaseto exist, apathogen, suscep-
tible host plant, and favorable environment must
be present and interact over aperiod of time.
Diseasedevelopment in cultivated plantsisalso
greatly influenced by human input. Thereare
many possi ble combinationsof time, pathogen,
host, and environment.

The term “disease cycleis used to describe
therelationship of apathogentoitshostinan
environment and the development of adisease



over time. Itinvolvessurviva of the pathogen
during periodsthat are not favorablefor disease
development, dispersal of the pathogen to its
host, growth of the pathogen on or in plants,
development of disease symptoms, and, finally,
pathogen survival to completethecycle. The
study of survival and spread of pathogensand
disease devel opment in apopulation of plants
over timeiscalled epidemiology.

There are many interactions of temperature,
moisture, wind, light, plant nutrition, soil type, soil
pH, and cultural practicesthat contributeto dis-
ease development. Not al pathogens and the
diseasesthey causerespond smilarly tothesame
set of environmental conditions. Many diseases
develop at temperatures most favorable for
pathogen devel opment but unsuitablefor thehogt.
Theoccurrenceof disease, epecidly foliar prob-
lemsinsemi arid areas, isoften closely corre-
lated with theamount and distribution of irrige-
tionor rainfal. Nutritional imbalances, elther ex-
cessesor deficiencies, may stressroot systems
or provide excessfoliage that favors specific
pathogens. Soil compaction, chemica damage,
and timing of variousagronomic practicessuch
asplanting, cultivating, irrigating, or harvesting
canincrease or reduce various pathogensand
their disease devel opment.

Many pathogenscan surviveintheabsenceof a
susceptible host during conditionsthat areunfa:
vorablefor disease devel opment. Pathogens of
annud plantsmay survivefrom onegrowing see-
son to the next in aternate hosts, plant debris,
seed, or soil. Many pathogensof perennia plants
surviveininfected tissue of thehost plant or in
propagating material. When conditionsarefa-
vorable, these pathogens begin to grow and
spread to susceptible plantsor tissue.
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Pathogensareusudly spread by wind, water, soil,
in plant parts, or by vectors such asinsectsor
humans. Somebacteria cellsand fungal spores
can be blown hundreds of miles, while other
pathogen structures are dispersed only afew
inchesor feet from their point of production or
surviva. Winds strong enough to blow dust par-
ticleshave enough power to carry insects, nema:
todeeggs, and billionsof invisible pathogensca-
pable of caus ng disease outbreaksthroughout
and between fieldsand regions. Rainwater and
runoff arealso mgjor transportersof pathogens.

The process whereby a pathogen (inoculum)
comesin contact withthehostiscaledinocula-
tion. For diseaseto devel op, the pathogen must
penetrate the host, invadetissue, grow, and be-
come established within theinfected host. The
time between inoculation and symptom devel -
opment is known as the incubation period,
which may vary from afew daysto weeksde-
pending on thehost, pathogen, and environment.
Successful inoculation and incubationresultin
infection.

Asaparticular pathogen growsinahost plant,
symptoms begin to appear. Before symptoms
develop, many biochemical and physiological
changeshaveusudly occurred. Visblesymptoms
areresponses of the plant to disease processes
that have been occurring sinceinoculation.

Somediseases, including many of theroot rots,
have only one cycle during agrowing season.
Other diseases, especially ones that occur in
aerial parts of the host, develop secondary or
repeating disease cyclesduring agrowing sea-
son. Recurrent cropsof sporesor bacteria cells,
maturing every sevento 14 days, provideinocu-
lumtoinfect nearby hedthy tissue and plants.



Such diseasesdevelop quickly and may cause
severe damage over ashort period of time (epi-
demic).

Thedisease cycleiscompleted when apathogen
reachesthesurviva stage. Many pathogenspro-
duce specidized structuressuch assclerotiaand
resistant sporesthat enablethe pathogentoresist
freezing, drying, or other adverse conditionsuntil
the disease cycle can be completed once again.

PLANT DISEASE
MANAGEMENT

Plant diseasesare most often controlled with cul-
tural techniques that include practices such as
planting date, planting Stes, irrigation management,
crop rotation and proper agronomic practices. The
most effective and economica way to control dis-
easesisthroughtheuseof resstant cultivars. Plant
diseasesare generally managed using apreven-
tive strategy rather thanimplementing control &af-
ter the disease is present. Most plant disease
control chemicalsarenot effectivein eradicating
existing diseaseand must be used beforethedis-
ease is present. For these reasons only asmall
number of pesticidesare used to control plant dis-
easeunder normal conditions.

Epidemiology enablesplant protection specidists
to study pathogensand identify effectivemethods
of controlling or managing them and their poten-
tial to causelossesdueto disease. Control meth-
odsareclassified asregulatory, cultural, bio-
logical, physical,and chemical.

Regulatory controlstry to excludeapathogenfrom
ahost or from a certain geographic area. Most
cultural controlshelp plantsavoid contact witha
pathogen and eradicate or reduce the amount of
apathogen (inoculum) inaplant, field, or area.
Biological and some cultural controlsimprove
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host res stance or favor microorganismsantago-
nisticto the pathogen.

Physical and chemical controls protect plants
from pathogen inoculumthat may arriveand cure
or reduceinfection that isalready in progress.
Individua control methodsareusudly integrated
to provideamore comprehensiveand effective
strategy for management of adisease, adisease
complex, and multiple peststhat often threaten
anindividud crop during itsdevelopment.

Eradication and reduction of pathogeninoculum
can be achieved by regulatory controlssuch as
guarantines and inspections. Disease-resi stant
varietiesand pathogen-free seed and propagat-
ing material areimportant and effectivetools.
Host eradlication, crop rotation, sanitation, plant-
ing date, improving plant growing conditions,
creating conditions unfavorabl e to pathogens,
mul ching, irrigation method and timing, and cul-
tivation methodsrepresent cultura practicesthat
can bealtered to more effectively manage many

plant pathogens.

Somephyscad methodssuch assoil sterilization,
heat treatment, refrigeration, and radiation,
chemica methods such assoil fumigation and
seed treatment, and biological methods such as
antagonistic organismsand trap cropscan also
reduceinoculum and the potential for disease
epidemicsto occur.

Direct protection against pathogeninfectionand
development isachieved using chemical com-
pounds that are toxic to the pathogen. Such
chemicaslimit growth and multiplication, inhibit
pathogen germination, or arelethal to the patho-
gen. Somechemicdsaretoxictodl or most kinds
of pathogens, while othersonly affect one ora
few pathogens. Depending onthekind of patho-
gens they affect, the chemicals are called



fungicides, bactericides, nematicides, or herbi-
cides. Insecticidesare used to control theinsect
vectorsof some pathogens.

Someof thenewer fungicides, suchassterilein-
hibitors, have atherapeutic (eradicant) action,
and severd areabsorbed and systemically trans-
located by theplant (systemics). Fungicidesmay
be applied to the soil (fumigation, soil furrow
treatments), seed, irrigation system, foliage, and
other plant parts (dugt, liquid treatments).

Soil fumigantsand treetmentsreducetheamount
of initid inoculum present before planting acrop
susceptibleto ad ow-moving disease such asroot
rot or even nematodes. Fumigants must be ap-
plied towell cultivated soil with low organic
matter, inthe presence of adequate moisture, and
while temperatures are above 50 degrees F.
Treated Stesmust remainfalow for severa days
to weeks so that the fumigant volatilizes com-
pletely andisno longer toxic to seed and seed-

lings

Seed treatments protect seedlingsagainst infec-
tion by soil-borne pathogensduring thefirst few
days of germination and emergence. Most of
these chemicalsact only at the surfaces of seed
and inthe nearby soil. However, some chemi-
casmay penetrateto eradicate pathogenswithin
the seed and seedling.

Foliar treatments provide a protective layer
against and exclude pathogens (protectants) or
eradicate (systemics) pathogens from treated
plant parts. Correct timing, thorough application,
and choiceof the proper chemical are essential
for effective and economical control. Because
many fungicidesand bactericidesare protectant
intheir action, itisimportant that they beonthe
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plant surface beforethe pathogen arrivesor ger-
minates, entersthe host, and establishesitself.
Sincemany pesticidesareeffectiveonly on con-
tact with the pathogen, and pathogens are not
generally mobile, itisimportant that thewhole
surface of the plant be covered with the chemi-
cd.

Fungicides and Bactericides Used In Utah

1. Antibiotics(streptomycin, tetracycline)

2. Coppers(cupric hydroxide, copper

oxychloride, copper ammonium

carbonate)

Inorganic and organic sulfurs

Dithiocarbamates (thiram, maneb,

ancozeb, metam-sodium)

5. Aromatics(pentachloronitrobenzene,
dichloran, chlorothalonil)

6. Heterocyclic compounds (captan,
captafol, iprodione, vinclozolin)

7. Acyldanine(metalaxyl)

8. Benzyimidazoles(benomyl, thiabendazol€)

9. Oxathiin (carboxin)

10. Organic phosphate (fosetyl Al)

11. Pyrimidine(fenarimoal)

12. Triazoles(myclobutanil, triadimefon,
propiconazole)

13. Other systemics(chloroneb, ethazol,
imazalil, thiophanate-methyl)

> w

Nematicides Used In Utah

1. Haogenated hydrocarbons
methylbromide)

2. Organophosphates (disulfoton,
fenamiphos)

3. Isothiocyanates (vorlex)

4. Carbamates(adicarb, carbofuran,
oxamyl)

5. Chloropicrin

A list of mgjor plant diseasesin Utah appearsin
Appendix 3.



V. WORKER PROTECTION STANDARD

TheU.S. Environmental Protection Agency’s
Worker Protection Standard (WPS), asrevised
in 1992, must be complied with when pesticides
areused on agricultura establishments, includ-
ing farms, forests, nurseries, and greenhouses,
for the commercial or research production of
agriculturd plants. The WPSrequiresemploy-
ersto provideagricultural workersand pesticide
handlerswith protectionsagainst possibleharm
from pesticides. Personswho must comply with
theseinstructionsinclude ownersor operators
of agricultural establishmentsand ownersor op-
eratorsof commercia businessesthat arehired
to apply pesticidesonthe agricultura establish-
ment or to perform crop-advising taskson such
establishments. Family memberswhowork on
anagricultura or commercid pesticideestablish-
ment are considered employeesin somesitua-
tions.

WPSrequirementsfor employersinclude:
. Displaying information about pesti-
cide safety, emergency procedures, and recent
pesticideapplicationson agricultural Sites.

. Training workersand handlers about
pesticide safety.

. Helping employeesget medical assis-
tancein case of apesticiderelated emergency.

. Providing decontamination sitesto
wash pesticideresidues off handsand body.

. Compliancewithrestricted entry in-

tervals (REI)- thetime after apesticide appli-

cation whenworkersmay not enter thearea.

. Notifying workersthrough posted and/
or ord warningsabout areaswhere pesticide ap-

plicationsaretaking place and areaswhere REI

areineffect.

. Allowingonly trained and equipped
workers to be present during apesticide appli-

cation.
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. Providing personal protective
equipment(PPE) for pesticide handlersand
alsofor workerswho enter pesticidetreated
areasbefore expiration of the REI.

. Protecting pesticide handlersy
giving them safety instructionsabout the
correct use of pesticide application equipment
and PPE and monitoring workersand han-
dlersin hazardoussituations.

One of the provisions of the WPS is the re-
quirement that employersprovidehandlersand
workerswith amplewater, soap, and sngleuse
towel sfor washing and decontamination from
pesticidesand that emergency transportationbe
made availablein the event of apesticidepoi-
soning or injury. TheWPSa so establishes REI
and therequirementsfor PPE. PPE requirements
are specified for all pesticidesused onfarms
andinforests, greenhouses, and nurseries. Some
pesticide productsaready carried REI and PPE
directions. Thisruleraised theleve of protec-
tion and requirementsfor al pesticide products.

Other mgjor provisionsrequirethat employers
inform workers and handlers about pesticide
hazardsthrough safety training. Handlersmust
have easy accessto pesticidelabel safety infor-
mation and alisting of treatmentssite must be
centrally located at theagriculturd facility. Han-
dlersare prohibited from applying apesticide
in away that could expose workers or other
people.

References. The Worker Protection Stan-
dard for Agricultural Pesticides How to
Comply: What Employers Need to Know.
Web site <www.usda.gov/oce/ocellabor-affairs

wpspage.htm>.



V. PROTECTING GROUNDWATER AND
ENDANGERED SPECIES

INTRODUCTION

Federal and state effortsto protect groundwa-
ter and endangered species have resulted in
specia requirementsand restrictionsfor pesti-
cide handlersand applicators. Pesticidesthat
areincorrectly or accidentally releasedintothe
environment can pose athreat to groundwater
and endangered species. Whether pesticidesare
applied indoors or outdoors, in an urban area
orinarural area, the endangered speciesand
groundwater must be protected and state and
federd agenciesrigidly enforcethisrequirement.

The need for specia action by the pesticide
handler/applicator depends on site location.
Groundwater contamination isof special con-
cerninreleasesteswheregroundwater isclose
to the surface or wherethe soil type or thege-
ology alows contaminantsto reach groundwa-
ter easily. In the case of endangered species,
specid actionisnormally requiredinlocations
wherethe speciescurrently liveor inlocations
where species are being reintroduced. The
product labeling isthe best sourceto determine
if pesticide use is subject to groundwater or
endangered specieslimitations.

The U.S. Environmental Protection Agency
(EPA) establishesthespecificlimitationsor in-
gtructionsfor pesticide usersinlocationswhere
groundwater or endangered species are most
at risk. Theselimitationsand instructions may
betoo detailed for inclusionin pesticidelabel-
ing. In such casesthelabeling will direct the
applicator or handler to another sourcefor
instructions and restrictions. The legal
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respongbility for followinginstructionsthet are
distributed separately isthesameasitisfor in-
structionsthat appear onthe pesticidelabeling.

PROTECTING
GROUNDWATER

Groundwater is water located beneath the
earth s surface. Many people think that
groundwater occursin vast underground lakes,
rivers, or streams. Usudly, however, itislocated
inrock and soil. 1t movesvery slowly through
irregular spaceswithin otherwise solid rock or
seepsbetween particlesof sand, clay, and gravel.
An exception is in limestone areas, where
groundweter may flow through largeunderground
channelsor caverns. Surfacewater may move
several feetinasecond or aminute. Ground-
water may moveonly afew feetinamonthor a
year. If thegroundwater iscapableof providing
ggnificant quantitiesof water toawe| or spring,
itiscaled anaguifer. Pesticide contamination of
aquifersis very troubling, because these are
sourcesof drinking, washing, and irrigation wa-
ter.

Utah hasimplemented acomprehensiveand co-
ordinated gpproach to protect groundwater from
pesticide contamination. Formulation of theUtah
Groundwater and Pesticide State M anagement
Plan is a cooperative effort between federal,
state, private agencies, producers, and user
groups. It providesabasisfor continuing future
effortsto protect groundwater from contamina
tion whenever possible. Furthermore, thisplan
providesagencies with direction for man-



agement policies, regulations, enforcement, and
implementation of groundwater strategies.

Utah recognizesthat the responsible and wise
use of pesticidescan have apositive economic
impect, yieldahigher quaity of life, enhance out-
door activities, and giverelief from annoying
pests. The EPA hasauthorized the Utah Depart-
ment of Agricultureand Food (UDAF) to en-
forcethe protection of groundwater from pesti-
Cides.

The UDAF, in concert with cooperating

agencies and entities, demands strict com-

pliance with all pesticide labels, handling

procedures, and usage to protect groundwa-

ter in the state.

Prevention of groundwater contaminationisim-
portant, because oncethewater ispolluted, itis
very difficult and costly to correct the damage
and in someinstancesimpossible. City and ur-
ban areas contribute to pollution because water
runoff can contain pesticides. Shallow aguifers
or water tablesare more susceptibleto contami-
nation than deeper aquifers or water tables.
Sandy soilsallow more pollution than clay or
organic soils, because claysand organic matter
adsorb many of the contaminants. For morein-
formation about what groundwater isand where
it comesfrom, read the study manual Applying
Pesticides Correctly: A Guide for Private
and Commercial Applicators.

TheFederd Insecticide, Fungicide and Roden-
ticideAct (FIFRA), asamended, establishesa
policy for determining the acceptability of apes-
ticideuseor the continuation of thet use, according
to arisk/benefit assessment. Aslong asbenefits
outweigh adverse effects, the EPA can continue
toregister thepesticide. Althoughtheintent of a
pesticideapplicationis to apply the pesticide
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tothe target or pest, part of the pesticidewill fall
on the area around the target or pest. Rain or
irrigation water then can pick upthepartthatis
not degraded or broken down and carry it tothe
groundwater vialeaching.

Therearemany factorsthat influencetheamount
of pesticide contamination that can get into
groundwater. Themgor factorsarethe soil type,
soil moisture, persistencein soil, placement of
the pesticide, frequency of gpplication, pesticide
concentration and formulation, pesticidewater
solubility, and precipitation. Each of thesefac-
torswill influencethe amount of pesticidethat
can penetratethe soil surface, leavetheroot zone,
and percolateinto groundwater.

Although some pesticides may haveahigh ad-
sorption quality, when they are applied to sandy
soil, they may <till migrateto thewater table be-
causetherearefew clay particlesor littleorganic
matter to bind them. The management and use
of pesticidesisuptotheindividua applicator and/
or landowner asto whether safe practicesare
used. Groundwater isavery valuableresource
and it must be protected form pesticide contami-
nation.

PROTECTING
ENDANGERED SPECIES

The Federal Endangered SpeciesAct liststhe
three classifications as endangered, threatened,
and experimental. Endangered hasthe highest
leve of protection. The phrase*endangered spe-
cies’ isused when referring to these classifica-
tions. ThisAct was passed by Congressto pro-
tect certain plantsand wildlifethat arein danger
of becoming extinct. A portion of thisAct re-
quires EPA to ensurethat these speciesare pro-
tected from pesticides.



EPA’'sgoal istoremoveor reducethethreat to
endangered speciesthat pesticidespose. Achiev-
ingthisgoal isaportion of thelarger continuing
effort to protect speciesat risk. Normally these
restrictionsapply to thehabitat or rangecurrently
occupied by the speciesat risk. Occasionally
therestrictions apply where endangered species
arebeing reintroduced into ahabitat previousy
occupied.

Habitats are the areas of land, water, and air
spacethat an endangered species needsfor sur-
viva. Suchareasincludebreeding Sites, sources
of food, cover, and shelter, and the surrounding
territory that provides spacefor normal popula
tion growth and behavior.

Utah'sendangered speciesplanisacooperative
effort between federal, state, private agencies,
producers, and user groups. Thisplan provides
agency directionfor regulations, enforcement,
management policies, and implementation of
threatened and endangered species protection
drategies.

EPA has launched a major project known as
Endangered SpeciesLabeling (ESL). Thegod
isto remove or reducethethreat to endangered
speciesfrom pesticides. EPA hastheresponsi-
bility to protect wildlife and the environment
against hazards posed by pesticides. The ESL
program isadministered by the U.S. Fish and
Wildlife Service (FWS) inthe U.S. Department
of Interior. The FWSreportsto EPA concern-
ing endangered species. EPA and FWSwork
cooperatively to ensurethat thereiscons stency
inthepesticiderestrictioninformation provided
to agenciesand pesticide users.

The UDAF actsunder the direction and author-
ity of EPA to carry out the ESL project as it
relatesto the use of pesticidesin Utah. Many
states have web sites with maps designating
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thehabitat boundariesand listings of endangered
plants and wildlife. Utah’'s site is
www.utahcdc.usu.edu.

References: Applying Pesticides Correctly: A
Guide for Private and Commercial Appli-
cators. Also, Endangered Species Act of 1973,
with  amendments through 1996
<www.house.gov/resources/105cong/reports/
105 _c/esaidx.htm>.




VI. CALIBRATION INFORMATION

Unit Conversion

Oneacre = 43,560 square feet Example: Y2acre= 21,780 squarefeet
Onemile = 5,280 feet Example: ¥amile=1320feet
Onegdlon = 128fluid ounces Example: ¥2gdlon=64fluid ounces
Onequart = 2pints = 4cups = 32fluidounces  Example: 2 quarts=64fluid ounces
Onepint = 2cups = 16 fluid ounces Example: Y2pint =1 cup = 8fluid ounces
Onetablespoon = 3teaspoons = 0.5fluidounces Example: 2tablespoons=1fluid ounce
Onepound = 16 ounces Example: ¥ pound =4 ounces
Onegallon = 231 cubicinches Example: 2galons= 462 cubicinches
Weights

1ounce = 28.35grams

16 ounces = 1pound = 453.59 grams

1gdlonwater = 8.34 pounds = 3.785liters = 3.78 kilograms

Liquid Measures
1fluidounce = 2tablespoons = 29.573 milliliters

16fluid ounces = 1pint = 0.473liters

2pints = lquart = 0.946 liters

8pints = 4quarts = 1galon = 3.785liters

Length

1foot = 30.48 centimeters

3feet = lyard = 0.9144 meters

16 1/2feet = 1rod = 5.029 meters

5280 feet = 320rods = 1 mile = 1.6 kilometers

Area

1 squarefoot = 929.03 square centimeters

9 squarefeet = 1squareyard = 0.836 square meters

43560 sguare feet = 160 squarerods = 1acre = 0.405 hectares
Speed

1.466 feet per second = 88feet per minute = 1 mph = 1.6 kilometersper hour (kph)
Volume

27 cubicfeet = 1cubicyard = 0.765 cubic meters

1 cubicfoot = 7.5¢gdlons = 28.317 cubic decimeters
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Area and \Wlume Calculations:

Area of Rectangular or Square Shape

Theareaof arectangleisfound by multiplying thelength (L) timesthe width (W).
(Length) x (Width) = Area

Example: (100feet) x (40feet) = 4000 squarefeet

40’
100/
Area of Circle
Theareaof acircleistheradius (radius= one-half the diameter), timestheradius, times 3.14.
(radius) x (radius) x (3.14) = Area
Example: (25feet) x (25feet) x (3.14) = 1962.5 squarefeet
2o’

Area of Triangular Shape

Tofind the area of atriangle, multiply %2 times the width of the triangle’s base, timesthe height of the triangle.
(%2) x (basewidth) x (height) = Area

Example: (¥2) x (15feet) x (10feet) = 75 squarefeet

15° 15°

Area of Irregularly Shape

Irregularly shaped sites can often be reduced to a combination of rectangles, circles, and triangles. Calculate
the area of each shape and add the values together to obtain the total area.
Example: Calculatethe areaof therectangle, triangle,

square, and one-half of acircle.

Another method isto convert the siteinto acircle. From a center point, measure the distance to the edge of the
areain 10 or more increments. Average these measurementsto find the radius, then calculate the area using the
formulafor acircle.
Example: Approximatetheareaby calculating

theareaof asimilarly sized circle.

approximates
shape
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Volume of Cube and Box Shapes
The volume of acube or box isfound by multiplying the length, times the width, times the height.
(Length) x (Width) x (Height) = Volume

Example: (100 feet) x (50 feet) x (30 feet) = 150,000 cubicfeet

S0°

100’

Volume of Cylindrical Shapes
Thevolume of acylinder isfound by calculating the area of the round end (see formulafor circle) and multiply-
ing this areatimes the length or height.

Example: (radius) x (radius) x (3.14) = Areaof Circle
(Areaof Circle) x (Length) = Volumeof Cylinder
(2feet) x (2feet) x (3.14) x (6feet) = 75.36 cubicfeet

Sprayer Calibration Formulas

To Calculate Travel Speed in Miles Per Hour:
Thetravel speed of asprayer is determined by measuring the time (seconds) required to travel aknow distance
(suchas 200 feet). Insert the valuesin the following formulato determine the miles per hour.

Distancein Feetx 60 = MilesPer Hour

Timein Secondsx 88

Example: _(200feet) x (60) = _12,000 = 4.55mph
(30 seconds) x (88) 2640

To Calculate the Gallons Per Minute Applied During Broadcast Spraying:
The application ratein gallons per minute (GPM) for each nozzleis cal cul ated by multiplying the gallons per
acre (GPA), timesthe miles per hour (MPH), timesthe nozzle spacing in inches (W); then dividing the answer
by 5940. For small adjustmentsin GPM sprayed, operating pressureis changed. For large adjustmentsin GPM
sprayed, travel speed (miles per hour) is changed or nozzle size is changed.
GPAXMPHXW = GPM

5940

Example: (12GPA) x (A5MPH) x (24”) = _1296 = 0.22GPM
5940 5940

Broadcast Spraying

Band Spraying

To Calculate the Gallons Per Minute Applied During Band Spraying:

Broadcast spraying applies chemicals to the entire area. Band spraying reduces the amount of area and
chemicals sprayed per acre. To use the above formulas for band sprayer applications, use the band width
(measured in inches) rather than nozzle spacing for the“W” value.
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Pesticide Mixing

Terminology:

The active ingredients of a pesticide are the chemicalsin aformulation that control the target pests. The
formulation is the pesticide product as sold, usually a mixture of concentrated active ingredients and an inert
material. Restricted use pesticides are purchased in formulations requiring dilution prior to application.
Formulations are diluted with inert substances such as water. The percentage of active ingredientsin a
pesticide formulation directly affects dilution and application rates. Given two pesticides, A = 50% active
ingredients, B = 100% active ingredients; twice as much pesticide A formulation isrequired to equal pesticide B
formulation.

To Determine Total Amount of Pesticide Formulation Required Per Tank:

To calculate the total amount of pesticide formulation needed per spray tank, multiply the recommended
dilution, ounces/pints/cups/teaspoons/tablespoongetc. of pesticide per gallon of liquid, times the total number
of gallonsto be mixed in the sprayer. A full or partial tank of pesticide spray may be mixed.

(Dilution Per Gallon) x (Number of GallonsMixed) = Required Amount of Pesticide Formulation Example: (3
ounces per gallon) x (75 gallons) = 225 ounces

Note: 1 gallon =128 ounces; through unit conversion 225 ounces = 1.76 gallons

To Calculate the Amount of Pesticide Formulation Sprayed Per Acre:

The amount of pesticide formulation sprayed per acre is determined by multiplying the quantity of formulation
(ounces/pounds/pints/cups/teaspoons/tablespoons/etc.) mixed per gallon of water, times the number of
gallons sprayed per acre.

(Quantity of Formulation Per Gallon) x (Gallons Sprayed Per Acre) = Formulation Sprayed Per Acre

Example: (1/2 pound per gallon) x (12 gallons per acre) = 6 pounds per acre

Amount of Active Ingredients Sprayed Per Acre:

To calculate the amount of activeingredients (Al) applied per acre, multiply the amount (pounds, gallons,
ounces, etc) of pesticide formulation required per acre, times the percentage of active ingredientsin the
formulation (100%, 75%, 50%, 25%, etc.), and dividethe value by 100.

(Amount of Formulation Required Per Acre) x (Percentage of Al) = ActiveIngredientsPer Acre
100

Example: (4 poundsformulation sprayed per acre) x (75% Al) = 3poundsof Al sprayed per acre
100 Note: 75% = 0.75

To Calculate the Gallons of Pesticide Mixture Sprayed Per Acre:
The amount of pesticide mixture sprayed per acreis determined by dividing the number of gallons sprayed by
the number of acres sprayed.

GallonsSprayed = Gallons Sprayed Per Acre
Acres Sprayed

Example: 200 Gallons Sprayed = 20gallonsof pesticide mixture sprayed per acre
10 Acres Sprayed
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Appendix 1. Utah Major Insect Pests By Crop

The following lists include insects and other arthropods.

Field Crop Insects

Alfalfa

Alfdfacaterpillar

Alfdfaweevil (mgority of insect pest damagein Utah dfalfacaused by thisinsect.)
Army cutworm

Blueaphid

Peaaphid

Spotted dfalfagphid

Variegated cutworm

Grasshoppers (Utah’s 10 primary species)
Big-headed grasshopper "P. quad" grasshopper
Clear-winged or warrior grasshopper Packard grasshopper *
Differentia grasshopper * Red-legged grasshopper *
L ubber grasshopper Two-striped grasshopper *
Migratory grasshopper * White-whiskersgrasshopper

(* Ninety percent of the grasshopper damagein Utahis caused by thesefive grasshoppers.)

Small Grains

Army cutworm

Armyworm Grasshopper
Banksgrassmite Greenbug
Brownwheat mite Hessanfly

Cered |eaf beetle Russian wheat aphid
Fdsewireworm Whesat-stem maggot
Fleabestle Whitegrub

Corn and Sorghum

Cornearworm Cutworms
Cornfleabestle European corn borer
Corn-leef aphid Red spider mite
Cornrootworm Sorghum greenbug
Dry Bean

Bean-leaf beetle

Mexican bean besetle

Western bean cutworm
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Fruit Tree Insects

Apple

Campylommabug

Codlingmoth

Cutworm

European red mite

Leafroller (obliquebanded, fruit tree, pandemis)
Lygusbug

Green appleaphid

Rosy appleaphid

Apricot
Europeanred mite
Green peach aphid
Lygusbug

Orientd fruit moth
Peach dlver mite

Cherry

Black cherry aphid
Cherry/pear dug
Cutworm
Europeanred mite
Leafroller

Peach/Nectarine
Box Elder bug
Cutworm
Europeanred mite
Green peach aphid
Lygusbug

Peachglver mite
Peach twig borer

Pear

European red mite
Codlingmoth
Cutworm
Leafroller
Lygusbug
Pear/cherry dug

42

San Josescale

Spider mite (twospotted and McDaniel)
Stink bug

Fruitworm (green, pyramidd, others)
Western flower thrip

Wegterntentiform leafminer

White appleleafhopper

Woolly appleaphid

Peach twig borer

Peachtree (crown) borer

San Josescale

Spider mite (twospotted and McDaniel)
Stink bug

Prunusrust mite

San Josescale

Shotholeborer

Spider mite (twospotted and McDaniel)
Western cherry fruit fly

Peachtree (crown) borer

San Josescale

Spider mite (twospotted and McDanidl)
Stink bug

Orientd fruit moth

Westernflower thrip

Pear |eaf blister mite

Pear psylla

Pear rust mite

San Josescae

Spider mite (twospotted and McDaniel)
Stink bug



Vegetable Insects

Soil Chewing
Fleabestle Armyworm
Root weevil Cabbagelooper
Whitegrub Click beetle
Wireworm Wireworm
Cornearworm
Piercing-Sucking Tomato fruitworm
Aphid (many species) Cornrootworm
L eafhopper (many species) Colorado potato beetle
Spider mite Cutworm
Stink bug Diamond-back moth
Squash bug Europeanearwig
Thrip Fleabestle
Whitefly Grasshopper
Imported cabbageworm
Noninsect chewing pests: Mexican bean beetle
Sowbug, snail, and slug Root weevil

Striped and spotted cucumber beetle

Rangeland Insects

Black grassbug

Grasshopper (Seelist under alfalfainsects.)
The majority of grasshopper crop damageisthe result of grasshopper migrations from rangeland to cropland.

Mormon cricket

Beneficial Arthropods

Ambush bug Minutepiratebug
Big-eyedbug Parasiticwasp

Damsd bug Praying mantis

Ground bestle Predaceousmidge

Hover fly (Syrphidae) Predaceous mite (Phytoseiidae)
Lacewing Spider

Lady beetle(Coccindlidae)

Web sites with pictures and information for insects and other arthropods.

www.reeusda.gov/nipmn/ www.extension.uiuc.edu/pubs.html
www.extension.umn.edu/ www.ext.usu.edu/ag/i pm/index.htm
ippc.orst.edu/oregon! PM.html www.agnr.umd.edu/users/hgic/home.html
WWW.Crop-net.com/insct-id.html www.entomol ogy.wisc.edu/mben/ben.html
axp.ipm.ucdavis.edu/default.html www. uidaho.edu/ag/environment/i pm/index.html

www.sdvc.uwyo.edu/grasshopper
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Appendix 2. Utah Noxious and Restricted Weeds and Seeds

Utah Noxious Weed Act R68-8 lists the following noxious weeds

Bermudagrass

Bindweed (Wild morning glory)
Broadleaved peppergrass (Tall whitetop)
Canadathistle

Diffuse knapweed

Dyers woad

Leafy spurge

M edusahead

Musk thistle

Perennial sorghum, speciesplural

Purpleloosestrife
Quackgrass

Russian knapweed

Scotch thistle (Cotton thistle)
Spotted knapweed

Squarrose knapweed
Whitetop

Yellow starthistle

(Cynodon dactylon variety dactylon)

Bermudagrass is not a noxious weed in Washington County
(Convolvulus, species plural)

(Lepidium latifolium)

(Cirsiumarvense)

(Centaurea diffusa)

(Isatis tinctoria)

(Euphorbia esula)

(Taeniatherum caput medusae subspecies caput-medusae)
(Carduus nutans)

(Sorghum halepense) and (Sorghum almum)

Including but not limited to Johnson grass

(Lythrum Salicaria)

(Elytrigia repens)

(Acroptilon repens)

(Onopordum acanthium)

(Centaurea maculosa)

(Centaurea virgata subspecies sguarrosa)

(Cardaria, species plural)

(Centaurea solsitialis)

Utah Seed Law R68-8 lists the following prohibited noxious weed seeds

Bermudagrass

Bindweed (Wild morning glory)
Broadleaved peppergrass (Tall whitetop)
Canadathistle

Diffuse knapweed

Dyers woad

Leafy spurge

M edusahead

Musk thistle

Perennial sorghum, speciesplural

Purpleloosestrife
Quackgrass

Russian knapweed

Scotch thistle (Cotton thistle)
Spotted knapweed

Squarrose knapweed
Whitetop

Yellow starthistle

(Cynodon dactylon variety dactylon)

Bermudagrass is not a noxious weed in Washington County
(Convolvulus, species plural)

(Lepidium latifolium)

(Cirsiumarvense)

(Centaurea maculosa)

(Isatis tinctoria)

(Euphorbia esula)

(Taeniatherum caput medusae subspecies caput-medusae)
(Carduus nutans)

(Sorghum halepense) and (Sorghum almum)

Including but not limited to Johnson grass

(Lythrum Salicaria)

(Elytrigia repens)

(Acroptilon repens)

(Onopordum acanthium)

(Centaurea maculosa)

(Centaurea virgata subspecies squarrosa)

(Cardaria, species plural)

(Centaurea solsitialis)

Utah Seed Law R68-8 lists the following restricted weed seeds

Dodder
Halogeton
Jointed goatgrass
Poverty weed
Wild oats

(Cuscuta spp.)
(Halogeton glomeratus)
(Aegilops cylindrica)
(Iva axillaris)

(Avena fatua)



Appendix 3. Utah Major Plant Diseases By

Alfalfa

Common and head smut

Root and crown rot

Stem nematode

Verticillium (most seriousdfafadisease)

Small Grains
Barley ydlow dwarf virus
Bunt

Root and foot rot

Smuts

Tan spot
Corn and Sorghum

Fusarium stak rot
Head smut

Dry Bean

Fruit Tree
Bacterid blast
Coryneumblight
Cytosporacanker
Fireblight

Pear decline
Phytophthoraroot rot
Powdery mildew
Stempitting virus

Sugar Beets
Cercosporalef blight
Powdery mildew
Sugar beet nematode

Bacteria diseases: hao blight, bacterial brown spot, and common bacterial blight

Rug
Whitemold

Potato
Blackleg
Early blight

Pepper
Mosacvirus
Phytophthorawilt

Cole Crops (like cabbage) and Lettuce

Blackleg
Black rot
Bottom rot

Cucurbit

Angular leaf spot
Bacterid wilt
Cucumber mosaicvirus

Onion
Botrytisneck rot
Fusarium basal rot
Pinkroot

Spinach
Downy mildew
Rudgts

Tomato

Early blight
Fusariumwilt
Spotted wilt virus
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GLOSSARY OF TERMS

A

ABSORPTION - The processby which
pesticides aretaken into plantsby rootsor
foliage (tomata, cuticle, etc.).

ADJUVANT - Material added to apesticide
mixturetoimproveor alter thedeposition,
toxic effects, mixing ability, persstence, or
other qualitiesof theactiveingredient.
ADSORPTION - Theadhesion of pesticide
spray dropletsto the plant'ssurface.
ANNUAL - A plant that completesitslife
cyclewithinoneyear, thendies.
ANTIBIOTIC - Chemical substance pro-
duced by onemicro-organism that inhibitsor
killsother micro-organisms.

AQUIFER - Underground formation of sand,
gravel, or porousrock that containswater; the
placewhere groundwater isfound.
AROMATICS- Compoundsderived fromthe
hydrocarbon benzene (C.H,).

B

BACTERICIDE - Pesticidethat inhibitsor
killsbacteriaor preventstheir growth.
BACTERIUM - Single-celled microscopic
plant that lackschlorophyll.

BAND APPLICATION - An application of
spray or dust to acontinuousrestricted area
such asinor along acrop row rather than over
theentirefield.

BASAL TREATMENT - Appliedtoencircle
the stem of aplant above and at theground
such that foliage contactisminimal. A term
used mostly to describetreatment of woody
plants.

BIENNIAL - Plant that completesitsgrowth
intwoyears. Thefirst year, it producesleaves
and storesfood; the second year, it produces
fruitsand seeds.

BIOLOGICAL CONTROL - control of pests
by means of predators, parasites, disease-
producing organisms, competitive
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microorganisms, or decomposing plant materia
which reducethe population of the pathogen.
BLIGHT - Disease characterized by generd
andrapidkilling of leaves, flowersand stems.
BLOTCH - Disease characterized by large,
irregular spotsor blotsonleaves, shoots,
semsandfruits.

BROADCAST TREATMENT - Application
of apesticideover anentirefield area

C

CANKER - Necrotic, often sunkenlesionon
astem, branchor twig.

CARRIER - Theliquid or solid materia added
toanactiveingredient tofacilitateitsstorage,
shipment, or useinthefied.

CHLOROSIS- Yelowing of normally green
tissuedueto chlorophyll destruction or failure
of chlorophyll formation.

COMPATIBLE - Quality of two compounds
that permitsthem to be mixed without effect on
thepropertiesof either.

CONCENTRATION - Theamount of active
materid inagivenvolumeof diluent.
CONTACT HERBICIDE - Herbicidethat
causeslocdizedinjury to plant tissuewhen
contact occurs.

CORTEX - All tissuesoutsidethexylem of a
plant stemor root.

COTYLEDON - Thefirst leaf or leavesof a
growing plant embryo.

COTYLEDON LEAVES- Thefirst leaf or
pair of leaves of the embryo of seed plants.
CROWN - The point where stem and root
joininaseed plant.

CUTICLE - Theouter protective covering of
plantswhich aidsin preventing water loss.



D

DAMPING-OFF - Destruction of seedlings
near thesoil lineresultinginwilt and desth.
DEGRADATION - Thebreakdown of a
pesticideinto aninactiveor lessactiveform.
Environmenta conditions, microorganisms, or
other chemicals can contributeto the degrada-
tion of pesticides.

DIEBACK - Progressive death of shoots,
branchesand rootsgenerally starting at thetip.
DIRECTED APPLICATION - Precise
applicationto aspecific areaor plant organ
such asto arow or bed or to theleaves or
stemsof plants.

DISEASE - Any mafunctioning of host cells
and tissuethat resultsfrom continuousirritation
by apathogenic agent or environmental factor
and that |eadsto the devel opment of symp-
toms.

DORMANCY - Stateof inhibited germination
of seedsor growth of plant organs. A state of
suspended devel opment.

E

EFFICACY - Theahility of apesticideto
produceadesired effect on atarget organism.
EMERGENCE - Appearance of thefirst part
of the crop plant abovetheground.
EMULSIFYING AGENT - Materia which
facilitatesthe suspending of oneliquidin
another.

EMULSION - Mixtureinwhichoneliquidis
suspended intiny globulesin another liquid; for
example, ail inwater.

ENATION - Raised, corrugated outgrowths
chiefly of abiotic disease.

ERADICATION - Pest management strategy
that attemptsto eliminate all membersof apest
Species.

ETIOLATION - Elongationand yellowing or
blanching of agreen plant through lack of
sunlight. Steminternodes may be elongated.

a7

EXUDATE - Substance, usudly liquid, dis-
charged from aplant or animal througha
natural opening or from diseased tissuethrough
awound.

F

FALLOW - Cultivated land that isallowed to
liedormant during agrowing season.
FOLIARAPPLICATION - Pesticide applica-
tionto plant leavesor foliage.
FORMULATION - Pesticide prepared by the
manufacturer requiring dilution prior to applica
tion.

FRUITINGBODY - Complex fungusstruc-
turethat contains spores. Characteristic types
adinfungusidentification.

FUMIGANT - Gaseousor readily volatilized
pesticide.

FUNGICIDE - Pesticide used to control,
suppress, or kill plant disease agentsor se-
verdy interrupt their normal growth.
FUNGUS- Organismwith no chlorophyl| that
reproduces by sexua or asexual sporesusually
withmycdium.

G

GALL - Swelling or overgrowth produced on
aplant asaresult of infection by certain
pathogens.

GERMINATION - Thebeginning process
when aplant sproutsfrom aseed.
GRANULAR - Dry formulation of pesticide
and other componentsin discrete particles
generaly lessthanten cubic millimetersinsize.
GROWTH STAGES- (1) tillering stage: when
aplant producesadditiona shootsfroma
snglecrown, asinwhest. (2) jointing stage:
whentheinternodesof thestem areelongating.
(3) boot stage: when the seedhead of aplant
beginsto emergefrom the sheath (usudly grain
crops).



H

HERBICIDE - Pesticide used to control,
suppressor kill plantsor severdly interrupt
their normal growth processes.

HOST - Plant or animal that isinvaded by a
parasite and from which the parasite getsits
nutrients.

HY PHA - Singlebranch of afungusmycelium.

I

IMPERFECT STAGE - Part of thelifecycle
of afungusinwhich no sexud sporesare
produced.

INCUBATION PERIOD - Period of time
between penetration of ahost by apathogen
andthefirst

appearance of symptomson the host.
INFECTION - Establishment of apathogen
withinahost.

INHIBIT - To prevent something from hap-
pening, such asabiologicd reactionwithinthe
tissuesof aplant or animal.

INOCULUM - Infectious pathogen or its
spores, mycelium, or virus, bacteriaor myco-
plasmaparticlesthat are capable of infecting
plantsor animals.

INSECTICIDE - Chemical used to control,
suppressor kill insectsor severely interrupt
their normal growth processes.

L

LEACHING - Process by which some pesti-
cidesmovedown through thesoil, usudly by
being dissolved inwater, with the possibility of
reaching groundweter.

LESION - Localized areaof discolored,
diseased tissue.

M

MERISTEMATIC TISSUE - Plant tissuethat
isintheprocessof actively growing and
dividing, such asthose at the apex of growing
stemsand roots.

48

MILDEW - Funga diseaseinwhichthe
mycelium and sporesare seen asawhitish
growth onthe host surface.

MODE OF ACTION - Theway apesticide
reactswith apest organismto destroy it.

MOLD - Any profuseor woolly fungusgrowth
on damp or decaying matter or on surfaces of
host tissue.

MOSAIC - Variegated pattern of greenish and
yellowish shadesinleavesusually caused by a
disruption of thechlorophyll content.
MOTTLE- Irregular pattern of indistinct light
and dark aress.

MY CELIUM - Massof interwoven threads
(hyphae) that make up the vegetative body of a
fungus

N

NECROSIS- Death of plant cellsusually
resulting inthe affected tissueturning brown or
black.

NEMATICIDE - Pesticidethat inhibitsor kills
nematodes.

NEMATODE - Non-segmented, microscopic
round worm usually threadlikeand free living
or parasiticon plants.

NON SELECTIVE HERBICIDE - Herbi-
cidethat isgenerally toxicto plants, without
regard to species. Toxicity may beafunction
of dosage, method of application, etc.
NOXIOUS- Something that isharmful to
living organisms, such asnoxiousweeds.

o

OBLIGATEPARASITE - Parasitethat in
nature can grow and multiply only onorin
livingorganiams.

P

PARASITE - Anorganismthatlivesonorina
living host and that getsall or part of itsnutri-
entsfromthehost.



PARTICLEDRIFT - Spray particleswhich
arecarried away fromthe application areaby
air movementsat thetime of or soon after
goplication.

PATHOGEN - Any organism capabl e of
causing disease. Mot pathogensare parasites.
PERFECT STAGE - Period of lifeduring
which afungusproduces sexua spores.
PELLET - Dry formulation of pesticideand
other componentsin discrete particles, usudly
larger thanten cubic millimeters.

PERENNIAL - Plant that livesfromyear to
year, but for threeyears or more under normal
growing conditions.

PERSISTENT HERBICIDE - Herbicide
whichwill harm cropsplanted inrotation after
harvesting thetreated crop, or whichinterferes
with regrowth of native vegetation in non-crop
sitesfor an extended period of time. (See
resdud herbicide))

pH - Measureof a solution’sacidity or
akdinity; 7isnumericaly equd toaneutra
solution, pH increaseswithincreasing akainity,
while pH decreaseswithincreasing acidity.
PHOTOSYNTHESIS - Process by which
plantsconvert sunlight into energy.
PHYTOPLASMAS- Formsof lifeintermedi-
ate between viruses and bacteria. They lack an
organized nucleusand cdll wall and aretrans-
mitted by leafhoppers.

PHYTOTOXIC- Injuriousto plants. Ex-
cessesof pesticidesand fertilizerscan be
phytotoxic.

PLANT-GROWTH REGULATOR - Sub-
stance used for controlling or modifying plant-
growth processeswithout appreciable phyto-
toxic effect.

POST-EMERGENCE TREATMENT -
Application after emergence of theweed or
planted crop.

PRE-EMERGENCE TREATMENT - Appli-
cation before emergence of theweed or
planted crop.
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PRE PLANT TREATMENT - Application
beforethecropisplanted.

PROTECTANT - Pesticide applied toaplant
in advance of the pathogen to prevent infec-
tion.

PUSTULE - Smdl bligter-likeelevation of
epidermiscreated as sporesform underneath
and push outward.

R

RATE - Theamount of pesticidemateria
applied per unit areaor per unit volume.
RESISTANCE - Inherent ability of ahost to
suppress, retard or prevent entry or subse-
quent activity of apathogen or other injurious
factor.

RESIDUAL HERBICIDE - Herbicidethat
persstsinthesoil andinjuresor killsgerminat-
ing weed seedlingsover arelatively short
period of time. (Seepersistent herbicide.)
RHIZOME - Underground stem capabl e of
sending out rootsand leafy shoots.

RING SPOT - Circular areaof chlorosiswith
agreen center; asymptom of variousvirus
diseases.

ROSETTE - Short, bunchy habit of plant
growth.

RUNOFF - Theliquid spray materia that
dripsfromthefoliage of treated plantsor from
other treated surfaces. Also, therainwater or
irrigation water that leavesan areaand may
contain trace amountsof pesticide.

RUSSET - Brownish, roughened areasonthe
skinof fruit resulting from cork formation.

S

SANITATION - Termusedfor cultural
methodsthat reduceinoculum.
SAPROPHY TE - Organismthat feedson
dead organic matter asopposed to aparasite
that feedsonliving tissue.

SCAB - Roughened, crust-like diseased area
onthe surface of aplant organ.



SELECTIVEHERBICIDE - Herbicidethat is
moretoxic to some plant speciesthanto
others.

SOIL APPLICATION - Pesticide applied
mainly tothe soil surfacerather than to vegeta-
tion.

SOIL MOBILITY - Variable characteristic of
apesticidebased onitschemical nature. Highly
mobile pesticidesleachrapidly through the soil
and may contaminate groundwater. Immobile
pesticidesor thosewith low soil mobility
remain attached to soil particlesand are
resstant toleaching.

SOIL STERILANT - Material which renders
the soil incapable of supporting plant growth.
Sterilization may be temporary or practically
permanent.

SPORE - Tiny propagative unit of afungusthat
functionsasaseed but differsby not containing
apre-formed embryo.

SPOT TREATMENT - Pesticide applied over
small, restricted area(s), of alarger areasuch
asthetreatment of weed patcheswithina
larger fidd.

SPRAY DRIFT - Themovement of airborne
spray particlesfrom the spray nozzle beyond
theintended contact area.

STELE - Thecentra cylinder insdethe cortex
of rootsand stemsof vascular plants.
STOLON - Runnersor stemsthat develop
rootsand shootsat thetip or nodes, asinthe
strawberry plant.

STOOL - Tothrow out shoots; totiller.
STYLET - Thehollow feeding spear of a
nematode.

SURFACTANT - Materid whichin pesticide
formulationsimpartsemulsfiability, soreading,
wetting, dispersability, or other surface-
modifying properties.

SUSCEPTIBILITY - Magnitude or capacity
to react to pesticide treatment.

SUSPENSION - Liquid or gasinwhich very
fine solid particlesare dispersed but not
dissolved.
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SYMPTOM - Theexterna andinternal
reactionsor alterationsof ahost asaresult of a
discase.

SY STEMIC - Pesticide absorbed or injected
into the plant and then spread internaly through
theplant.

T
TOTAL VEGETATION APPLICATION -
Applying of singleor multiplepesticideat one
time or in sequenceto provide pre-emergent
and/or post emergent control of al plants. The
termusually involves gpplication to noncrop
aress.

TRANSLOCATED HERBICIDE - Herbicide
that ismoved within the plant. Trand ocated
herbicidesmay beeither phloem-mobileor
xylem-mobile, but thetermisoftenusedina
morerestrictive sensetorefer to herbicides
that are moved inthe phloem.

Vv

VASCULAR - Theterm applied to thewater
and nutrient conducting tissue of plants, aso
applied to apathogen that growsinthese
conductivetissues.

VAPOR DRIFT - Themovement of pesticide
vaporsfromtheareaof application. Some
pesticides, when applied at normal ratesand
normal temperatures, haveasufficiently high
vapor pressureto cause themto changeinto
vapor form. Thismay causeinjury to suscep-
tible plantsaway fromthe site of application.
Note: Vapor injury andinjury from spray drift
areoften hardtotell apart.

VIABLE- Alive, especially withreferenceto
seeds capable of germinating.

VIROID - Low molecular weight ribonucleic
acid (RNA) capableof infecting certain host
cells, replicating, and causing disease.
VIRULENCE - Therdative capacity and
power of apathogen to cause disease.



VIRUSES- Submicroscopic, filterable,
obligate parasites. They arehighmolecular

wel ght nucleoproteinscapableof multiplying
and actinglikeliving organismsinplant or
animal cdls

VOLATILE - Quality that makesacompound
evaporate or vaporize (changefromaliquidto
agas) a ordinary temperatures on exposureto
ar.

W

WATER SOLUBLE CONCENTRATE -
Liquid pesticideformulation that dissolvesin
water to form atrue solution.

WETTING AGENT - Surfactant which, when
added to aspray solution, causesit to spread
over and wet plant surfacesmorethoroughly.
WILT - Lossof rigidity and drooping of plant
parts, generdly caused by insufficient water in
theplant.

Y
Y ELLOWS- Plant disease characterized by
yelowing and stunting of the host plant.
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